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BACKGROUND 

HISTORICAL  AIRCRAFT  RELIABILITY 

Ever  since  the  government  began  buying  large  numbers  of  military 
aircraft  from  competing  civilian  aircraft  production  corporations  the 
problem  of  forecasting  reliability  and  maintenance  requirements  has 
been  an  important  consideration. 

As  soon  as  data  became  available  upon  operational  aircraft  the 
unscheduled  maintenance  failure  rate  was  analyzed  in  terms  of  maintenance- 
man-hours-per-f lying-hour  (MMH)  for  the  aircraft  weapon  system.  Then 
as  new  or  replacement  aircraft  were  considered,  the  competing  contractors 
were  asked  to  estimate  the  MMH  of  their  proposed  design.  Since  the  total 
weapon  system  cost  includes  the  maintenance  costs,  the  lower  the  reported 
MMH  the  more  likely  the  corporation  would  be  to  sell  its  model.  Although 
companies  did  perform  some  demonstration  tests  (often  utilizing  highly 
trained  personnel  under  ideal  conditions)  the  estimates  proved  to  be 
grossly  inaccurate  and  costs  greatly  exceeded  predictions.  The  credibility 
of  the  contractors'  estimates  soon  waned  as  more  manpower  and  spare  parts 
were  needed  than  had  been  made  available  based  upon  those  estimates. 

As  a result,  spare  parts  shortages  and  lack  of  trained  maintenance  personnel 
led  to  lower  mission  accomplishment  than  forecasted  and  another  method 
of  reliability/maintainability  forecasting  was  sought. 

As  maintenance  officers  and  technicians  gained  experience  in 
operational  aircraft  similar  to  the  developmental  aircraft,  their  opinions 
as  to  the  numbers  of  men  and  time  required  to  do  each  task  were  sought. 
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This  source  tended  to  be  somewhat  of  a ■ exaggeration  since  these 
operational  personnel  were  concerned  with  having  ample  people  and  parts 
to  ■accomplish  the  requested  missions  and  thus  "looking  good."  Con- 
tractors, predictably,  criticized  this  method  as  biased  and  unfair. 

In  any  case  both  of  the  previous  sources  proved  to  be  less  than 
precise  and  cost  forecasts  and  comparisons  continued  to  be  difficult 
and  imprecise.  With  the  advent  of  computers  and  the  Maintenance  Data 
Collection  (MDC)  system  the  use  of  computer  forecasting  models  became 
feasible. 

The  MDC  system  was  developed  in  the  late  1950s  as  a system  of 
documents  or  forms  to  record  unscheduled  and  routine  maintenance  performed 
on  each  aircraft  belonging  to  the  Air  Force.1  The  other  services  also 
developed  maintenance  collection  systems.  Under  the  MDC  system,  each 
time  maintenance  or  support  is  performed  on  or  for  an  aircraft,  the 
repairmen  document  the  aircraft  identification,  what  tasks  were  performed, 
and  how  many  repairmen  of  each  type  worked  for  what  time  period.  This 
data  is  then  stored  on  computer  tapes  for  a variety  of  uses.  See 
Appendix  B for  a complete  description  reproduced  from  AFM  66-1. 2 


DEVELOPMENTAL  AIRCRAFT  MAINTENANCE  FORECASTING  MODELS 

In  the  mid-sixties  the  Air  Force,  in  conjunction  with  the  Rand 
Corporation,  developed  a series  of  computer  simulation  program  frameworks 
(CONCUR,  CONVOL,  SAMSON  II,  etc) 3 and  later,  by  contract  with  CACI,  Inc., 
(LCOM).1*  The  Army5  and  Navy6  also  have  made  use  of  simulation  models  to 
predict  maintainability/reliability  and  mission  accomplishment. 
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The  current  simulation  model  used  by  the  Air  Force  for  manpower 
requirements  forecasting  is  the  Logistics  Composite  Model  (LCOM)  written 
in  -Simscript  II. 5. 7 LCOM  is  a general  aircraft  or  weapons  system  model 
which  can  be  adapted  to  a particular  aircraft  or  weapon  system  by 
incorporating  the  data  concerning  that  particular  aircraft. 

The  inputs  to  this  model  are  the  daily  mission  schedules  which 
define:  when  the  aircraft  are  to  fly  and  for  how  long;  the  scheduled 
maintenance  servicing  tasks,  including  the  number  and  time  distribution 
that  maintenance  repairmen  of  each  specialty  are  required  for  each  task; 
and  what  support  resources  each  task  utilizes.  In  addition  the  user 
defines  the  corrective  maintenance  networks  to  include  tasks,  times, 
and  resources  to  repair  each  subsystem  when  it  breaks.  Failure  clocks 
defining  the  frequency  with  which  each  subsystem  requires  corrective 
maintenance,  the  initial  quantities  and  resupply  times  are  also  user 
supplied. 

With  these  inputs,  along  with  the  initial  number  of  aircraft  to  be 
assigned,  LCOM  simulates  the  flying  operations  for  the  modeled  organization 
for  any  desired  time  period.  See  AFHRL-TR-74-97(II)  for  a more  complete 
description  of  LCOM. 8 Figure  1 illustrates  the  simulation  technique. 

In  order  to  define  the  failure  clocks  for  the  subsystems  of  develop- 
mental aircraft  the  engineer  collects  whatever  data  is  available  from 
similar  operational  aircraft,  usually  from  the  MDC  system.  This  data 
normally  comes  directly  from  an  air  base  that  operates  the  comparison 
aircraft.  The  AFM  66-1  maintenance  data  is  then  processed  through  a 
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Figure  1.  How  LOOM  -cks 


series  of  FORTRAN  computer  programs  wr!cten  for  the  CDC  6600  computer 
to  put  it  in  a form  that  can  be  used  in  developing  the  simulation 
inputs.9 

The  task,  times  and  failure  rates  are  then  analyzed  by  aircraft 
systems  development  engineers  to  make  adjustments  for  differences  and 
improvements  in  the  developmental  subsystems.  This  new  data  is  then 
used  to  develop  the  computer  networks  of  the  simulated  aircraft. 

PROBLEM  ENCOUNTERED  DURING  A COMPARABILITY  STUDY 

A number  of  difficulties  arise  during  this  process  that  must  be 
overcome  by  the  simulation  design  engineer.  For  instance,  data  from 
different  bases  flying  the  same  aircraft  may  display  different  failure 
rates  for  the  same  equipment.  Since  the  LCOM  simulation  normally  bases 
the  forecasted  failure  distribution  upon  number  of  sorties  between 
failures,  this  parameter  is  highly  sensitive  to  the  air  base  selected 
as  the  comparison  location. 

One  possible  solution  to  this  problem  is  to  average  the  data  from 
several  air  bases  before  making  the  comparability  analysis.  However, 
this  method  does  not  take  into  account  the  possibility  that  these 
differences  may  be  due  to  other  than  random  chance.  If,  on  the  other 
hand,  some  of  the  factors  causing  different  failure  rates  can  be  measured 
we  can  take  them  into  account  in  future  studies  and  produce  a more 
accurate  forecasting  model. 

One  of  the  factors  that  possibly  affects  the  failure  rate  is  the 
average  length  of  the  sorties  flown.  For  instance,  if  the  takeoff  and 
climb  portion  of  a sortie  produces  a failure  rate  that  is  different 
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f from  the  failure  rate  during  the  cruise  portion  of  the  flight,  and 

perhaps  a third  failure  rate  is  prevalent  during  the  landing  phase, 
then  the  average  number  of  sorties  between  failures  is  dependent  upon 
the  average  length  of  the  sorties.  This  could  also  be  described  as 
| the  failure  rate  during  warm-up  period  for  the  equipment  and  the  steady- 

state  failure  rate. 

Thus  the  intent  of  this  study  is  to  determine  whether  sortie 
\ length  is  a significant  factor  in  making  comparability  analyses  and, 

if  so,  what  the  simulation  design  engineer  can  do  to  account  for  an 
expected  sortie  length  for  a developmental  aircraft  that  differs  from 
the  comparison  aircraft. 

. 


PLANNING  EXPERIMLNIAL  DESIGN 

OBJECTIVE 

The  objective  of  this  study  is  to  provide  a technique  by  which 
the  LCOM  simulation  engineer  can  readjust  the  failure  rates  of  aircraft 
subsystems  to  account  for  a planned  difference  between  sortie  length 
of  the  developmental  aircraft  and  that  of  the  comparison  aircraft. 

Since  maintenance  data  is  kept  by  systems,  subsystems,  and  compon- 
ents, we  are  able  to  collect  and  analyze  data  for  each  aircraft  system. 
The  aircraft  parts  are  tracked  by  a five-digit  work  unit  code  when  the 
first  two  digits  refer  to  the  system,  the  third  digit  refers  to  the 
subsystem  and  the  last  two  digits  refer  to  the  components.  For  the 
purpose  of  this  study,  I will  group  the  data  by  two-digit  level. 
Technical  Manual  TO-00-20-2  explains  the  data  collection  system  in 
detail. 1 0 

REQUIREMENTS  AND  CONSTRAINTS 

The  requirements  for  completion  of  this  study  are:  data  from  three 
or  lore  different  aircraft  that  can  be  associated  with  sortie  length, 
the  use  of  computer  statistical  analysis  packages,  and  computer  data 
reduction  programs. 

The  constraints  that  persist  throughout  the  study  include  limited 
time  and  manpower  to  do  the  study.  The  source  of  information  will  be 
the  MDC  system  and  civilian  aircraft  contractor  sources. 

Since  the  prime  immediate  use  of  the  results  is  to  assist  in  a 
modeling  developmental  cargo  airlift  aircraft,  I have  limited  the  data 
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collection  effort  to  large  cargo,  bomber  and  civil  aircraft.  However, 

the  techniques  described  in  this  report  can  be  used  for  other  models  as  well. 

BASIC  ASSUMPTIONS 


Several  assumptions  apply  to  the  planned  use  of  regression  to 
analyze  the  data.  The  most  important  assumption  pertains  to  the  warm-up 
period  for  each  of  the  systems  analyzed  in  this  study.  The  assumption 
is  that  every  sortie  is  of  sufficient  length  to  cover  the  warm-up 
period  and  allow  the  system  to  retch  its  steady-state  failure  rate. 

Thus,  if  we  discount  other  effects  and  assume  that  cyclic  effects  will 
stabilize  within  the  sortie  flight  time  then  the  average  number  of 
maintenance  actions  per  sortie  can  be  related  linearly  with  increasing 
sortie  length. 

There  is  some  precedent  for  using  this  type  of  analysis.  I would 
like  to  point  out  that  Mr.  Maurice  Shuman  from  the  Boeing  Company  has 
demonstrated  that  field  data  does  support  the  changing  failure  rate 
with  time  theory.11  According  to  this  study  failure  rates  seem  to 
stabilize  between  ten  and  twenty  percent  of  the  time  into  a sortie  for 
the  aircraft  with  which  we  are  concerned. 

Mr.  Shurman  performs  his  analysis  upon  the  data  grouped  by  failures 
within  each  aircraft  type  and  then  develops  a common  time  dependent 
failure  rate  equation  to  predict  the  failure  rate  at  any  time  within 
the  sortie.  His  equation  is  general  and  relates  to  all  aircraft  and 
unspecified  maintenance  requirements. 

Kern  and  Drnas  have  also  studied  how  operational  influences  affect 
reliability.  From  their  report  one  might  gain  an  Insight  into  some  of 
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the  operational  factors  that  may  change  the  failure  rates  of  avionics 


equipment. 12 

Another  assumption  is  that  other  factors  can  be  divorced  from  the 
effect  we  are  attempting  to  analyze.  Such  factors  as  differences  in 
mission  profiles,  maintenance  concepts  (methods  and  policies),  weather 
(environment),  aircraft  age,  aircrew  techniques,  utilization  rates  and 
any  others  may  also  offset  failure  rates.  These  factors  must  be  isolated 
or  assumed  not  to  completely  hide  the  effect  we  are  studying. 

The  third  assumption  is  that  the  cyclic  and  flying  hour  effects 
can  be  measured  and  that  the  MDC  system  is  accurate  enough  to  show 
these  effects. 

DATA  COLLECTION  METHOD 

From  a commercial  airplane  company  I have  obtained  maintenance 
data  for  a civilian  aircraft  collected  for  two  different  sortie  lengths.13 
1 have  also  acquired  data  from  B-52D  aircraft  from  three  bases  operating 
in  Southeast  Asia.11*  These  two  sets  of  data  were  grouped  by  base. 

One  group  of  the  civilian  planes  (Boeing  727s)  flew  commuter  flights 
only  (averaging  .566  hours)  while  the  other  group  flew  standard  flights 
(averaging  1.327  hours). 

The  B-52D  aircraft  data  comes  from  three  bases  each  flying  the 
same  mission  profile  but  requiring  different  sortie  lengths  (U-TAPAO  - 
A hours,  KADENA  - 8 hours,  ANDERSEN  - 11.5  hours). 

In  addition  to  these  data  sources  1 have  obtained  from  the  Air 
Force  Logistics  Command  (AFLC)  16  computer  tapes  containing  the  MDC 
information  for  all  Air  Force  C-141A  and  C-130E  aircraft  for  the  period 
of  time  June  1976  through  May  1977.  See  Appendix  A. 
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PLANNED  ANALYSIS 


The  initial  analysis  plan  is  to  take  this  data,  which  describes 
maintenance  performed  on  aircraft  flying  the  same  mission  profile  but 
different  sortie  lengths  for  several  different  type  aircraft,  and  then 
use  regression  programs  to  relate  the  failure  rates  to  flying  time  and 
number  of  sorties.  We  can  think  of  the  total  average  maintenance  actions 
per  sortie  as  being  made  up  of  a constant  portion  (regression  line 
intercept)  which  we  will  call  maintenance  actions  per  sortie  (MAPS) 
and  a variable  portion  (regression  line  slope)  which  we  will  call 
Maintenance  Actions  Per  Flight  Hour  (MAPFH) . See  Figure  2. 

Some  of  the  causes  for  these  differences  may  be  that,  during 
turn-on,  electrical  surges  cause  a short-term  failure  rate  that  is  not 
indicative  of  the  steady-state  equipment  usage  failure  rate.  There 
is  intensive  low  frequency  vibration  and  shock  during  taxi  and  takeoff 
as  well  as  significant  vibration  during  the  flight  phases  requiring 
high  power  settings,  such  as  low  altitude  and  climb-uut.  During  the 
maximum  gross  weight  take-off  conditions  there  is  longer  use  of  maximum 
power.  Also,  there  is  the  thermal  instability  of  electronic  equipment 
until  the  equipment  reaches  its  steady-state  temperature. 

However,  it  is  believed  that  after  these  warm-up  or  cyclic  effects 
have  stabilized,  the  flight  enters  the  phase  of  relatively  constant  failure 
rates  for  the  cruise  portion  of  the  flight. 

CLARIFICATION  OF  TERMS 

Here  we  are  defining  a maintenance  action  to  be  any  unscheduled 
(not  routine)  action  or  repair  service  performed  by  one  or  more 


10 


maintenance  men  and  documented  by  a Fcim  349  under  the  MDC  system. 

Each  action  is  documented  against  the  proper  work  unit  code  and  entered 
into  the  records  regardless  of  time  required  to  make  the  repair. 

Failure  rate  and  average  maintenance  actions  per  sortie  are  used  as 
parallel  terms. 

As  further  clarification,  the  term  "Maintenance  Actions  Per  Sortie 
(MAPS)"  refers  only  to  the  failures  that  occur  as  a result  of  the 
cyclic  or  warm-up  (transient-state)  effect  and  the  term  "Maintenance 
Actions  Per  Flight  Hour  (MAPFH)"  refers  only  to  the  failures  that  are 
time  dependent  (steady  state)  and  not  related  to  warm-up. 

By  plotting  the  average  number  of  maintenance  actions  per  sortie 
against  the  average  sortie  length  for  each  system,  and  using  regression 
to  smooth  the  data  fluctuations,  the  estimated  maintenance  actions 
per  sortie  (regression  line  intercept)  and  the  estimated  maintenance 
actions  per  flight  hour  (regression  line  slope)  can  be  calculated. 

This  technique  can  be  used  to  estimate  the  maintenance  actions 
per  sortie  (MAPS)  and  the  Maintenance  Actions  Per  Flight  Hour  (MAPFH) 
for  each  of  the  aircraft  types  considered  in  this  study. 

From  this  analysis  an  adjustment  factor  can  then  be  determined  to 
account  for  a planned  difference  in  sortie  lengths  between  the  develop- 
mental and  comparison  aircraft. 
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ANALYSIS  AND  RESULTS 


DATA  REDUCTION  TECHNIQUES 

The  civilian  aircraft  data  is  combined  by  systems  to  coincide 
with  military  designations  and  is  presented  in  Table  1 along  with  the 
B-52D  data  in  terms  of  average  maintenance  actions  per  sortie.  This 
table  is  computed  by  dividing  the  total  number  of  failures  for  each 
system,  aircraft  and  sortie  length  by  the  total  number  of  sorties 
flown  during  the  considered  time  period. 

Since  the  civilian  aircraft  all  flew  the  same  mission  profile  and 
the  B-52D  aircraft  all  flew  the  same  mission  profile,  and  each  source 
of  data  is  relatively  self-consistent  as  far  as  weather  and  maintenance 
concepts,  it  is  reasonable  to  use  linear  regression  to  test  the  effect 
of  different  sortie  lengths  upon  average  numbers  of  failures  for  each 
aircraft  type  and  system. 

Since  the  civilian  data  yields  only  two  data  points  per  system  and 
the  B-52D  data  only  three,  I have  limited  the  regression  analysis  to 
linear  relationships.  The  results  of  these  regressions  and  data  summary 
are  presented  in  Tables  2 and  3.  Regression  line  plots  appear  in  Appendix  C. 

Data  for  the  C-130E  and  C-141A  aircraft  was  obtained  from  the  MDC 
input  to  AFLC  and  was  collected  by  each  aircraft  serial  number  and  date. 

This  data  was  processed  through  a series  of  computer  programs  to 
provide  the  total  number  of  maintenance  actions  in  each  two-digit  work 
unit  code  areas  for  the  time  periods  June  1976  to  September  1976  and 
October  1976  through  May  1977.  Analysis  were  made  upon  each  of  these 
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TABLE  1.  AVERAGE  MAINTENANCE  ACTIONS  PER  SORTIE 
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MAPS  * maintenance  actions  per  sortie  or  cycle 
MAP FH  = maintenance  actions  per  flight  hour 

Using  two  sortie  lengths  from  B-52  data  (U-Tapao  data  excluded  due  to  different  reporting  method) 


TABLE  3.  AIRCRAFT  DATA  SUMMARY 


sets  of  data  and  upon  the  one  year  dat  < combination  for  each  aircraft. 
The  method  of  data  reduction  to  obtain  the  total  maintenance  actions 
for  each  system  is  presented  in  Appendix  A. 

The  data  for  the  C-141A  aircraft  came  from  six  Air  Force  bases: 

1.  McGuire  AFB  NJ  with  47  aircraft. 

2.  Travis  AFB  CA  with  41  aircraft. 

3.  Charleston  AFB  SC  with  99  aircraft. 

4.  McCord  AFB  WA  with  40  aircraft. 

5.  Norton  AFB  CA  with  30  aircraft. 

6.  Altus  AFB  OK  with  16  aircraft. 

The  data  for  the  C-130E  aircraft  came  from  ten  bases: 

1.  Pope  AFB  NC  with  38  aircraft. 

2.  Elmendorf  AFB  Alaska  with  15  aircraft. 

3.  Little  Rock  AFB  AR  with  64  aircraft. 

4.  Mildenhall  Air  Base  England  with  16  aircraft. 

5.  Clark  AFB  Philippine  Islands  with  18  aircraft. 

6.  Yokota  AB  Japan  with  18  aircraft. 

7.  Andrews  AFB  MD  with  1 aircraft. 

8.  Elmendorf  AFB  Alaska  with  10  aircraft. 

9.  McCord  AFB  WA  with  21  aircraft. 

10.  Langley  AFB  VA  with  6 aircraft. 

The  average  number  of  maintenance  actions  per  sortie  for  the 
C-141A  ana  C-130E  aircraft  grouped  by  base  are  presented  in  Tables  4 
and  5 respectively. 


TABLE  4.  C-130E  DATA  GROUPED  BY  BASE 
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TABLE  4.  C130E  DATA  GROUPED  BY  BASE  (Cout’d) 


erage  Sorties  Per  Month 


For  the  C-141A  and  C-130E,  since  'lie  data  was  available  by  aircraft 


serial  number  and  the  aircraft  at  each  base  do  not  fly  the  same  mission 
lerTgths  as  did  the  B-52D  and  Boeing  727,  each  aircraft  is  considered 
separate.  Thus  we  have  244  data  points  for  the  C-141A  and  215  data 
points  for  the  C-130E  aircraft.  See  Appendix  D for  C-130E  and  C-141A 
data. 

HANDLING  OF  MISSION  AND  ABNORMAL  DATA 

Data  for  some  of  the  C-141A  and  C-130E  aircraft  was  incomplete  and 
so  these  aircraft  are  eliminated  from  further  analysis.  These  missing 
or  incomplete  data  stem  from  either  undocumented  or  inaccurate  data 
collection  at  base  level,  keypunch  or  computer  tape  production  errors, 
or  aircraft  being  grounded  for  long  periods  of  time.  In  any  case,  it 
is  assumed  that  due  to  the  volume  of  data  received  intact,  the  analysis 
will  not  be  greatly  biased  by  the  elimination  of  incomplete  data  from 
the  analysis. 

Furthermore,  in  an  attempt  to  use  data  from  aircraft  which  fly 
similar  mission  profiles  I have  removed  the  data  from  bases  which  fly 
only  training  missions  since  their  usage  of  aircraft  create  different 
failure  rates  than  those  that  fly  airlift  missions. 

Since  these  airlift  aircraft  (C-141A  and  C-130E)  fly  global 
missions  and  have  repairs  made  at  many  locations,  each  of  which  uses 
the  same  Air  Force  policies  and  maintenance  regulations,  the  effects 
of  weather,  climate,  and  maintenance  locational  idiosyncrasies  are 
assumed  to  be  in  balance. 
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TABLE  6.  LINEAR  REGRESSION  RESULTS  FOR  C-130E  AIRCRAFT 
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TABLE  7.  REGRESSION  RESULTS  FOR  C-L30E  AIRCRAFT 
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TABLE  11.  LINEAR  REGRESSION  RESULTS  FOR  C-141A  AIRCRAFT 
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TABLE  14.  LINEAR  REGRESSION  RESULTS  FOR  C-130E  AIRCRAFT 
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LINEAR  REGRESSION  RESULTS  AND  ANALYSIS 

Linear  regression  was  performed  for  each  aircraft  type  and  system, 
and  the  resultant  intercepts,  slopes,  variance  and  R2  are  presented  in 
Tables  6 through  11  for  C-130E  and  C-141A  aircraft.  Regression  was  also 
used  on  the  airlift  data  grouped  by  base,  and  the  results  appear  in 
Tables  12  through  17.  Correlations  of  the  data  are  presented  in 
Tables  18  and  19. 

The  Coefficient  of  Variation  (C.V.)  is  the  relative  variability, 
written  as  a fraction  or  percentage,  and  is  defined  as  the  standard 
deviation  divided  by  the  mean.12  The  squared  linear  correlation 
coefficient  is  used  to  express  the  ratio  of  explained  variation  to 
total  variation.16  The  standard  error  of  the  estimate  is  a measure  of 
the  scatter  about  the  regression  curve.17 

From  the  Linear  Regression  Results  (Tables  6 through  11)  it  can 
be  seen  that  for  some  systems  the  maintenance  failure  rate  is  somewhat 
sortie  length  related  and  for  many  others  the  sortie  length  does  not 
account  for  much  of  the  variation  in  maintenance  requirements.  In 
each  case,  this  information  is  quite  useful  in  determining  what,  if  any, 
adjustment  should  be  made  in  the  forecasted  failure  rates  of  develop- 
mental aircraft.  Some  maintenance  relationships  to  cycles  and  flight 
hours  are  graphically  displayed  in  Appendix  C. 

As  can  be  seen  from  the  figures  in  Appendix  C and  Tables  2 and  6 
through  11  the  number  of  maintenance  actions  for  nearly  every  system  is 
largest  for  the  B-52D.  Also,  for  nearly  every  system  the  number  of 
maintenance  actions  for  the  civilian  aircraft  is  smallest.  These 
observations  hold  true  for  both  cyclic  and  flight  hour  related  failures. 
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From  Tables  12  through  17  it  can  In*  seen  that  the  data  for  the 
C-13QE  and  C-141A  aircraft,  when  grouped  by  base,  displays  a base  related 
effect  that  may  overshadow  the  sortie  length  effect  in  this  narrow 


range. 


Whereas  the  civilian  aircraft  and  the  B-52D  both  flew  consistent 


predetermined  sorties  of  the  same  length  and  mission  profile,  each 
C-130E  and  C-141A  aircraft  fly  more  varied  mission  profiles  and  sortie 
lengths.  Cargo  airlift,  airdrop,  training,  passenger,  air  evacuation, 
and  other  missions  are  flown  by  the  C-130E  and  C-141A  aircraft.  Thus, 
it  is  not  unexpected  that  there  is  much  more  variance  in  the  maintenance 
requirements  for  the  C-130E  and  C-141A  aircraft. 

The  data  for  the  C-130E  and  C-141A  aircraft  was  also  grouped  by 
sortie  length  classes  as  follows: 

For  the  C-130E  (Jun  76  - May  77  data) 


Class 


Average  Sortie  Length  (Hours) 


L 0-2.5 
> 2.5  - 3.5 
3 3.5  - 4.5 
i 4.5  - 7.0 

For  the  C-141A  (Jun  76  - May  77  data) 


Class 


Average  Sortie  Length  (Hours) 


1 0-3.0 

2 3.0  - 3.5 

3 3.5  - 4.0 

4 4.0  - 7.0 

The  results  of  the  linear  regression  analysis  of  these  two  data 
sets  are  presented  in  Tables  20  and  21  respectively.  It  is  easily 
observed  that  the  effects  of  this  grouping  by  sortie  length  illustrate 


the  cyclic  and  flying  hour  factors  for  each  system. 
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TABLE  20.  LINEAR  REGRESSION  RESULTS  FOR  C-141A  AIRCRAFT 


Radar  Navigation 


Radar  Navigation 


IACTOR  ANALYSIS  RESULTS  AND  DISCUSSION 


Also,  a preliminary  factor  analysis  was  considered  and  a stepwise 
regression  program  used  to  check  the  relative  impact  of  several  factors 
including  the  total  sorties  flown,  average  sortie  length,  utilization 
in  terms  of  flight  hours  and  sorties  per  month,  and  the  base  of  assign- 
ment. The  results  of  this  stepwise  regression  analysis  are  presented 
in  Tables  22  and  23.  A second  order  regression  was  checked  but  due  to 
a large  variance  and  limited  range  of  sortie  lengths,  results  did  not 
appear  to  be  meaningful. 

The  stepwise  regressions  (Tables  22  and  23)  illustrate  the  need 
for  further  _tudy  in  the  area  of  factor  analysis.  As  can  be  seen  from 
these  two  tables  the  average  monthly  utilization  of  the  aircraft  and 
the  total  sorties  flown  seem  to  provide  a much  greater  explanation  of 
the  variation  in  the  average  number  of  maintenance  actions  per  sortie  than 
does  the  average  sortie  length  for  C-130E  and  C-1A1A  aircraft.  However, 
these  figures  are  quite  often  the  result  of  maintenance  rather  than  the 

; 

drivers  of  it.  If  the  aircraft  is  down  for  maintenance  often,  it  cannot 
be  utilized  to  fly  as  many  missions  or  sorties  as  can  the  aircraft  that 
requires  less  frequent  maintenance. 

Also,  during  peacetime  the  aircraft  are  not  planned  to  fly  as 
much  and  the  flight  crews  may  be  more  insistent  upon  having  repairs 
accomplished  before  flight.  During  wartime  or  surge  efforts  the  aircraft 
are  often  required  to  be  utilized  at  the  maximum  level  maintenance  will 
permit . 
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'EPWISE  REGRESSION  RESULTS  FOR  C-130E  AIRCRAFT 
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TABLE  23.  STEPWISE  REGRESSION  RESULTS  FOR  C-141A  AIRCRAFT 
(Data  from  Jun  76  - May  77) 

Model  Used  is  Average  Maintenance  Actions  = Variable  as  Follows: 
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All  Maintenance 
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Thus,  it  follows  that  for  a planned  consistent  utilization  rate 
this  type  approach  may  be  useful,  but  in  practice,  utilization  is  far 
less  certain  than  the  expected  sortie  lengths. 

Also,  it  need  be  noted,  the  stepwise  regression  analyses  of  the 
C-130E  and  C-141A  aircraft,  in  no  case  explains  more  than  about  half 
of  the  variation  in  maintenance  data.  Thus,  we  might  look  to  other 
factors,  random  chance,  or  data  error  as  reasons  for  much  of  the 
variation  in  the  maintenance  data. 

An  Analysis  of  Variance  (ANOVA)  was  accomplished  upon  the  airlift 
data  grouped  by  sortie  length  classification  as  previously  described, 
total  sorties  flown,  average  utilization  by  flight  hours  and  sorties 
per  month,  and  by  aircraft  assigned  home  base.  Total  sorties  were 
grouped  as  follows: 

for  the  C-130E  Aircraft  (Jun  76  - May  77  data) 

Class 

1 less  than  126  sorties 

2 126  to  175  sorties 

3 176  to  250  sorties 

4 more  than  250  sorties 

for  the  C-141A  Aircraft  (Jun  76  - May  77  data) 

Class 

1 up  to  250  sorties 

2 250  to  325  sorties 

3 326  to  400  sorties 

4 more  than  400  sorties 

The  average  monthly  utilization  by  flying  hours  was  grouped  as 
follows : 


for  the  C-130E  Aircraft  (Jun  76  - May  77  data) 


Class 

1 up  to  AO  hours  per  month 

2 AO  to  50  hours  per  month 

3 50  to  60  hours  per  month 

A more  than  60  hours  per  month 

for  the  C-1A1A  Aircraft  (Jun  76  - May  77  data) 
Class 


1 up  to  80  hours  per  month 

2 80  to  95  hours  per  month 

3 95  to  110  hours  per  month 

A more  than  110  hours  per  month 


The  average  utilization  in  number  of  sorties  per  month  was  grouped 
as  follows: 


for  the  C-130E  Aircraft  (Jun  76  - May  77  data) 
Class 

1 less  than  10  sorties  per  month 

2 10  to  17  sorties  per  month 

3 17  to  2A  sorties  per  month 

A more  than  2A  sorties  per  month 

for  the  C-1A1A  Aircraft  (Jun  76  - May  77  data) 
Class 


1 

2 

3 

A 


less  than  23  sorties  per  month 
23  to  27  sorties  per  month 
27  to  32  sorties  per  month 
more  than  32  sorties  per  month 


The  base  of  assignment  was  also  used  as  a classification  for  the 
ANOVA  research.  The  results  of  the  ANOVA,  presented  in  Tables  2A  and  25, 
illustrate  that  there  is  a significant  impact  upon  maintenance  require- 
ments caused  by  each  of  the  factors  that  were  analyzed.  There  also  was 
significant  interaction  between  many  of  the  variables. 


TABLE  24.  RESULTS  OF  ANOVA  FOR  C-130E  AIRCRAFT 
(Data  from  Jun  76  to  May  77) 

F Value  - Sum  of  squares  between  treatments  divided  by  sums  of  squares  within  treatments 
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TABLE  24.  RESULTS  OF  ANOVA  FOR  C-130E  AIRCRAFT  (Cont’d) 
(Data  from  Jun  76  to  May  77) 


TABLE  25.  RESULTS  OF  ANOVA  FOR  C-141A  AIRCRAFT 
(Data  from  Jun  76  to  May  77) 
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Total  Maintenance  23.61  (.0001)  37.19  (.0001)  23.91  (.0001) 


TABLE  25.  RESULTS  OF  AN  OVA  FOR  C-141A  AIRCRAFT  (Cont'd) 
(Data  from  Jun  76  to  May  77) 
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PROBLEMS  AND  QU AH  FIXATIONS 


DATA  PROBLEMS 

In  reducing  the  data  a number  of  problems  were  encountered  with 
the  usage  of  the  MDC  system.  Not  only  was  there  often  missing  data, 
but  there  were  apparent  inconsistencies  in  how  some  items  were  documented. 
Many  maintenance  actions  may  not  have  been  documented  at  all,  some  appear 
to  have  been  grouped  differently  when  reported  from  various  bases,  and 
some  may  have  been  in  error.  In  any  case  a review  of  the  MDC  system 
has  been  initiated  and  a more  accurate  method  of  obtaining  data  will 
undoubtedly  be  of  assistance  in  future  research. 

DATA  NOT  AVAILABLE 

If,  in  the  future,  failure  data  could  be  documented  according  to 
the  time  within  the  sortie  the  failure  occurred,  then  a more  accurate 
analysis  of  flight  phase  failure  rate  might  be  undertaken. 

Differences  between  ages  of  the  aircraft,  number  of  landings  and 
crew  techniques  were  not  available  for  this  study.  However,  it  might 
be  noted  that  each  of  the  bases  is  assigned  aircraft  of  varying  ages, 
and  all  crews  are  trained  at  a common  location  using  a standardized 
methodology  and  that  crew  members  and  maintenance  personnel  are  often 
reassigned  to  other  bases  having  the  same  type  aircraft. 

NUMBER  OF  AIRCRAFT  TYPES  AND  DATA  TIME  PERIODS 

Another  limiting  factor  is  the  time  and  number  of  aircraft  types 
studied.  Data  for  different  periods  of  time  might  be  considered  as 
well  as  other  aircraft  types  in  order  that  a more  complete  study  might 
be  undertaken  in  the  future. 
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CONCLUSION’S  AND  FI. COMMENDATION 


USAGE  OF  RESULTS 

From  the  correlations  (Tables  18  and  19)  and  linear  regression 
results  (Tables  2,  an S'  6 through  17)  it  can  be  concluded  that  there  is, 
to  varying  degrees,  a cyclic  and  a flight  hour  failure  factor  involved 
in  aircraft  reliability.  In  order  to  use  the  information  gained  from 
this  study  the  engineer  need  only  compute  the  percent  of  maintenance 
that  is  cyclic  or  sortie  related  (PSR)  for  each  sortie  length  in  question. 
See  Figure  3. 

Since  the  processed  MDC  data  gives  the  engineer  the  mean  number  of 
sorties  beLween  maintenance  actions  (MSBMAl)  for  the  comparison  aircraft 
with  a known  sortie  length  (Sj),  the  average  cyclic  or  sortie  related 
failure  constant  can  be  computed  as  follows: 

MAPS  = MSBMAi*)  (pSRl)  = a constant 

where  MAPS  = maintenance  actions  per  sortie  associated  with  the  cycle 
only  (j^j^-)  = average  maintenance  actions  per  sortie  of  length  S, 

I’SRi  = percent  of  maintenance  that  is  sortie  related  for  sortie  length 
Sj  (from  Tables  26  through  29  or  as  computed  by  the  engineer). 

So  we  see  that  the  mean  number  of  sorties  between  maintenance 
actions  for  the  developmental  aircraft  (MSBMA2)  can  be  calculated  from 
the  known  information 


now  MAPS  = (MSBMA"  ) (PSR?)  = known  (from  above) 

so  solving  the  equation  for  MSBMA,-' 

PSR?  PSR? 

gives  MSBMA2  = — — - MSBMA,  ( ' \ 

MAPS  1 StSRi 
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Sortie  Length 

Figure  3.  Average  Maintenance  Actions  vs  Sortie  Lengths 

total  average  maintenance  actions  per  sortie  length  i 
1,  2,  3,  . . . 

average  number  of  failures  per  cycle  only  (regression  line  intercept) 
percent  sortie  related  (PSR)  = 
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TAELE  26.  PERCENT  OF  MAINTENANCE  ACTIONS  THAT  ARE  SORTIE  RELATED 
(bv  sortie  length  using  B-52  rearessed  data  only) 
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TABLE  27.  PERCENT  OF  MAINTENANCE  ACTIONS  THAT  ARE  SORTIE  RELATED 

(by  sortie  length  using  civilian  regressed  chta  only) 
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In  this  manner  the  engineer  can  t 'ke  data  from  an  operational 
aircraft  flying  a known  average  sortie  length,  and  adjust  the  mean  number 
of  -sorties  between  maintenance  actions,  or  failure  rate,  to  account  for 
a planned  different  sortie  length  when  making  maintenance  forecasts 
for  a developmental  aircraft. 

Another  method  that  can  be  used  to  forecast  the  failure  rate,  when 
using  the  data  from  this  report  as  the  comparison  basis,  is  to  use  the 
intercept  of  the  appropriate  aircraft  system  regressed  data  added  to 
the  slope  of  this  data  times  the  number  of  hours  in  the  expected  sortie 
length  of  the  developmental  aircraft. 

This  tecond  technique  can  only  be  used  when  using  the  actual  data 
within  this  study  whereas  the  first  technique  can  be  used,  when  we 
assume  the  percent  sortie  related  (PSR)  the  same  for  other  data  sources 
as  for  one  of  the  aircraft  in  this  study,  for  many  different  comparison 
studies . 

For  instance,  in  forecasting  maintenance  requirements  for  a new 
Short  Takeoff  and  handing  (STOL)  aircraft,  the  Advanced  Medium  STOL 
Transport  (AMST)  many  of  the  parts  are  the  same  or  similar  to  those  of 
the  C-1A1A  and  C-130E  aircraft.  However,  the  planned  sortie  length 
for  this  new  aircraft  is  about  one  hour.  Thus  either  technique  described 
above  can  be  utilized  in  this  case. 

Some  other  parts  of  the  developmental  AMST  are  more  like  those  of 
the  C-5A.  And  so,  if  we  make  the  bold  assumption  that  maintenance  in 
the  relative  areas  of  the  C-5A  are  equally  sortie  related  (has  the  same 
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PSR)  as  those  of  the  C-141A,  we  can  us'1  the  first  technique  utilizing 
the  PSRs  from  the  C-141A  and  the  MDC  data  from  the  C-5A. 

Thus  there  are  several  situations  which  might  occur.  To  illustrate 
by  using  some  calculations  of  the  AMST  forecasted  maintenance  failure 
rate : 

Situation  1:  The  electrical  system  (System  42)  of  the  AMST  is  quite 
similar  to  that  of  the  C-141A  and  so  no  reliability  adjustment  is 
necessary.  However,  the  average  sortie  length  associated  with  the 
C-141A  data  is  4 hours.  The  average  planned  sortie  length  of  the  AMST 
is  1 hour.  The  mean  sorties  between  maintenance  actions  (MSBMA^)  for 
the  C-141A  is  18.  So  the  mean  sorties  between  maintenance  actions 
(MSBMA2)  for  the  AMST  can  be  calculated  as  follows: 

PSR2 

MSBMA2  = MSBMA1 

MSBMAj^  = 18  from  MDC  data  for  C-141A 

PSR2  = 46.2  from  Table  29  sortie  length  1 hour 

PSR^  = 17.6  from  Table  29  sortie  length  4 hours 

thus 

46.2 

MSBMA2  = 17.2  (18)  = 48 

Situation  2:  The  Pitch  Trim  (WUC  14D)  from  the  AMST  is  similar  to 
that  of  the  C-141A  and  so  no  adjustment  is  necessary  to  account  for 

reliability.  From  Table  29  we  see  that  the  flight  controls  are  not 

sortie  related  (PSR  = 0)  and  so  we  go  to  Table  11  to  find  that  the 
average  number  of  failures  per  flight  hour  is  .064.  From  the  second 
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computational  technique  and  recalling  I hat  the  planned  sortie  length 
for  the  AMST  is  1 hour, 


1 = 1_ 

MSBMA2  = maintenance  actions  per  sortie  .064  ~ 

Situation  3:  The  Fuel  Controls  (System  46J)  of  the  AMST  are  to 
be  like  those  of  the  C-5A.  We  must  now  assume  the  percent  sortie  related 


(PSR)  for  maintenance  actions  on  the  C-5A  to  be  the  same  as  those  of 
the  C-141A.  Then  from  the  first  technique  the  MSBMA^  for  the  C-5A  is  45 
from  MDC  data.  The  C-5A  flew  an  average  sortie  length  of  5 hours  and 
the  AMST  is  planned  for  1 hour  sorties.  Then  by  utilizing  Table  29, 

PSR2  92.1 

MSBMA2  = PSF  (MSBMAl)  = 6979  (A5>  * 59  • 


. 
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RECOMMENDATIONS  FOR  DATA  COLLECTION  AND  FURTHER  STUDY 


Although  further  study  into  the  factors  that  affect  maintenance 
requirements  is  recommended,  the  use  of  the  data  for  the  most  similar 
aircraft,  as  presented  in  this  report,  can  be  of  benefit  to  the 
simulation  engineer. 

As  emphasized  earlier,  there  is  a need  for  accurate  maintenance 
data  that  includes  the  time  into  the  sortie  that  each  failure  occurs. 
This  data  need  be  collected  by  aircraft  serial  number  and  include  all 
relevant  factors  such  as  data,  phase  of  flight,  airframe  age,  age  of 
failed  part,  utilization,  historic  mission  summary,  weather,  where 
maintenance  work  was  accomplished,  etc.  With  a more  complete  data  set 
a factor  analysis  may  prove  quite  useful  in  future  failure  forecasting. 

In  the  meantime  it  is  recommended  that  MDC  data  be  analyzed,  using 
the  techniques  developed  in  this  study,  for  other  time  periods  and  also 
for  other  aircraft,  to  further  refine  the  results  of  this  study. 
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appendix  a 

Data  Reductii  n Technique 
for  C-13GE  and  C-141  Aircraft 
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The  C-130E  and  C-141A  data  arrived  from  AFLC  on  sixteen  9-track 
tapes  which  listed  the  maintenance  data  in  cronological  order  of  all 
maintenance  actions  performed  by  type  aircraft.  First,  these  tapes 
were  converted  to  7-track  tapes  to  speed  processing  on  the  CDC-6600 
computer  system. 

Next,  the  relevant  data  was  extracted  and  grouped  by  four  digit 
aircraft  tail  numbers  (last  four  digits  of  aircraft  serial  number). 
Then  the  data  was  grouped  by  aircraft  system  for  each  individual 
aircraft.  Finally,  the  data  was  punched  on  IBM  cards  to  be  used  in 
the  Statistical  Analysis  System  (SAS)  to  analyze  the  failure  data. 
See  Figure  A-l.  Computer  programs  and  collection  notes  follow. 


Data  Collected  by  2-Digit  WUC 
and  Punched  for  Each  Aircraft 


Figure  A-l.  Data  Collection  Method 


•n 

• 

tn 

•> 

• 

O 

Z 

• 

O 

M 

J 

St 

O 

U3 

r>* 

M 

W 

ft} 

eft 

05 

Ol 

ft* 

«r> 

ft. 

• 

O 

O 

O 

r 

W 

X 

z 

0 

M 

X 

u. 

05 

X 

X 

• 

00 

X 

CM 

ft} 

0 

• 

H 

ft* 

• 

{-• 

«— • 

* 

< 

ft] 

>-* 

II 

H 

J 

X 

X 

0 

t-L 

to 

z 

0 

Z 

ft* 

tO 

• 

0 

ft] 

z 

r—t  ’ 

0 

X 

J 

X 

II 

»r> 

» 

ft] 

< 

>* 

Z 

ft] 

II 

O 

O 

03 

X 

X 

■» 

• 

• 

O 

1 

• 

• 

z 

O 

r-* 

*-> 

• 

M 

O' 

0 

X 

O 

O 

O 

H 

z 

1-* 

IT» 

O 

ft* 

Z 

-3 

1— 1 

1—* 

-J 

_t 

03 

O 

►H 

X 

vO 

X 

-1 

O 

•_« 

05 

05 

X 

0 

• 

X 

*M 

O 

O 

O 

X 

>* 

3 

at 

II 

• 

Z 

< 

X 

0 

O 

r*. 

a 

•> 

00 

II 

X 

O 

vO 

• 

VI 

V3 

«-* 

a 

• 

to 

00 

•* 

t-H 

>— < 

• 

V© 

ja4 

0 

O 00 

v© 

nO 

H 

0 

H 

ft} 

r^. 

O 

» 

0 

• 

X 

< 

ft* 

ftJ 

J 

H 

< II  X < CL  11  fti  z ft* 

W0OIilH<^ft.cQ  <. 

O W ft*  - H U < •-•  • H 

H ft*  O H ft*  f—  ► \©  * 

1/5  < • CO  •<  * X >©  Z 

• HuuuHJuoa:  < 

•-5  • W D W *U1  < H D — 

<2Da3Z6DHI^ 

HtO<W<^<HtEUJ*  — < 

N>a,o5a.>J<Ho:*  a 


Z1ZA,T20,I050,MT1 .STCSA.DBSOl . E740052  , BEGIN  , 56 5 3 1 

ATTACH ,PROG, IBM HOWELL, CY=33,SN= AS DEN, MR=1 . 

LABEL .TAPES , R,D=HY ,L«C 141 AHOWE LLD ATA , VSN=L03 8 10 .NORING 
LGO,PL=4000. 

RETURN,PR0G,TAPE8. 


Z1CA,STCSA,T350,I0950,CM65000,MT2(DBSOO.  E 7 40052  , BEGIN , 5653 1 C 1 4 1 ACRE ATE  III 
LIMIT, 4000. 

VSN ,TAPE24=L061 L9/L06120. 


>* 

< 

X 

H 

CJ 

O 

z • • 

O 04  h1 

*->  • II  II 


>* 

04 

JM 

>• 

04 

CQ 

II 

CJ 

a 

II 

• 

< 

>* 

• 

• 

• 

>- 

o 

h- i 

a 

o 

04 

• 

04 

• 

o 

• 

m 

• 

a 

in 

m 

«n 

in 

Hi 

• 

04 

h1 

fO 

04 

_) 

O 

co 

O 

*3- 

CM 

Hi 

II 

cn 

O 

m 

II 

O 

II 

O 

II 

m 

X 

X 

II 

II 

o 

X 

X 

X 

O 

X 

X 

X 

X 

o 

u. 

o* 

X 

o* 

X 

O 

< 

a 

X 

«• 

m 

to 

a 

X 

a 

t- 

X 

a 

O 

fa. 

03 

n 

N 

II 

• 

tsj 

Pa 

a 

II 

N 

z 

to 

II 

Q 

II 

Q 

H 

II 

X 

o 

H 

II 

HI 

II 

H 

Hi 

H 

H-t 

CJ 

H 

✓“V 

II 

X 

H 

CM 

x 

a 

os 

a 

X 

04 

a 

X 

X 

CM 

o 

X 

a 

X 

n 

o 

M 

a 

UJ 

* 

X 

H 

X 

a 

X 

Hi 

X 

o 

• 

X 

z 

a 

CJ 

Z 

cj 

X 

O 

X 

CJ 

X 

• 

< 

II 

CJ 

X 

• 

H 

II 

Hi 

II 

< 

X 

o 

II 

< 

H 

t- 

H 

II 

< 

• 

>- 

CO 

• 

H 

CQ 

H 

fr- 

J 

CJ 

H 

(1 

X 

a 

X 

H 

H 

04 

X 

X 

=> 

• 

CM 

CQ 

X 

• 

CM 

CO 

-H. 

«M 

X 

• 

04 

X 

— . 

CM 

O 

• 

o 

a 

X 

*a» 

Hi 

II 

a. 

-) 

O 

CO 

O 

O 

UJ 

a 

Hi 

u 

o 

o 

X 

a 

—> 

X 

X 

O 

X 

O' 

a 

CO 

X 

o 

< 

Q 

cc 

Du 

O'  o 

X 

X 

CT  UJ 

X 

CJ 

X 

X 

O'  X 

X 

X 

X 

X 

CO 

O'  X 

X 

a. 

H 

< 

to 

< 

co 

*> 

UJ 

• 

< 

CO 

X 

< 

a 

X 

• 

< 

to 

X 

< 

X 

X 

< 

II 

CO 

X 

< 

as 

•> 

«. 

N 

• 

H 

(1 

CO 

OJ 

UJ 

H 

II 

«c 

H 

X 

H 

H 

II 

< 

H 

a 

PsJ 

• 

H 

o 

II 

< 

H 

• 

• 

• 

• 

H 

II 

H 

• 

o 

z 

II 

z 

a 

o 

H 

a 

CJ 

II 

CJ 

a 

o 

H 

» 

H 

II 

H 

• 

X 

O 

H 

• 

CM 

~-4 

Hi 

CO 

H 

CO 

Hi 

x 

Hi 

H 

HI 

Hi 

X 

II 

Hi 

X 

H 

X 

Hi 

X 

II 

Hi 

X 

H 

X 

CO 

» 

X 

II 

co 

04 

UJ 

w 

CO 

UJ 

=3 

CO 

X 

to 

a 

CQ 

to 

CQ 

UJ 

a 

CO 

X 

X 

X 

X 

X 

a 

to 

/-V 

X 

o 

X 

O 

X 

CM 

a 

co 

X 

X 

x 

x 

cj 

x 

X 

-7 

CO 

*3 

X 

Hi 

r 

to 

X 

X 

CM 

X 

o 

X 

X 

CO 

X 

X 

CM 

X 

CJ 

X 

X 

CO 

X 

X 

— < 

<n 

X 

CJ 

X 

X 

< 

< 

vO 

< 

< 

Q 

to 

a 

< 

UJ 

o 

to 

o 

< 

to 

X 

vO 

< 

o 

X 

o 

< 

X 

X 

NO 

< 

X 

X 

X 

< 

X 

X 

X 

SO 

< 

< 

H 

H 

>_✓ 

H 

H 

< 

x 

< 

H 

Du 

cj 

X 

• 

cj 

H 

X 

Hi 

■ — .• 

h 

CJ 

X 

o 

*- 

X 

HI 

V 

H 

X 

X 

X 

H 

X 

X 

Hi 

'll 

H 

H 

• 

a 

o 

• 

•> 

a 

Cl, 

• 

•> 

< 

• 

X 

UJ 

w 

< 

X 

o 

w 

a 

X 

a 

w 

< 

X 

o 

» 

X 

• 

» 

a 

< 

< 

X 

o 

a 

• 

U- 

Q 

DC 

a 

a 

X 

«. 

H 

z 

a 

H 

X 

a 

z 

z 

O 

H 

X 

a 

X 

a 

z 

b 

H 

— - 

X 

o 

X 

a 

H 

z 

o 

H 

H 

w 

X 

Q 

X 

CJ 

Z 

r 

Z 

z 

cj 

H 

CO 

X 

z 

• 

cj 

H 

HI 

X 

z 

a 

H 

X 

z 

CJ 

H 

X 

z 

a 

H 

X 

z 

CJ 

H 

X 

X 

z 

• 

a 

H 

X 

Z 

X 

>* 

hi 

H 

H-l 

Hi 

< 

to 

=> 

Hi 

UJ 

< 

UJ 

CO 

Hi 

UJ 

X 

H 

HI 

< 

X 

X 

Hi 

X 

X 

H 

HI 

< 

X 

O 

=> 

HI 

X 

X 

X 

H 

HI 

CO 

Du 

3fc 

X 

3 

3 

H 

CO 

H 

3 

X 

H 

to 

X 

X 

CO 

X 

H 

CO 

H 

3 

X 

to 

X 

3 

H 

CO 

X 

H 

X 

X 

to 

X 

* 

< 

o 

UJ 

O 

UJ 

to 

H 

Q 

a 

to 

UJ 

Hi 

H 

o 

o 

to 

w 

Hi 

o 

o 

X 

H 

o 

X 

X 

HI 

o 

o 

X 

H 

Q 

X 

X 

X 

HI 

Hi 

o 

o 

X 

X 

u 

DC 

CO 

at: 

X 

< 

-J 

< 

as 

cc 

X 

< 

X 

cj 

X 

X 

X 

X 

CO 

X 

< 

X 

X 

X 

X 

X 

CO 

X 

< 

X 

X 

X 

X 

X 

X 

X 

CO 

X 

66 


ATTACH .TAPE  1 7 , DATABNK2 , I D= E 7400 5 2 , C Y= 1 . 

LABEL .TAPE  19 ,W,D  = HY , L=C 1 4 1 AHOWE LLD ATA , VSN=L03810 .RING 
ATTACH .WUCMG .WUCMG , I D=E 7400 5 2 , C Y= 1 . 

LDSET , PRESET=ZERO . 

WUCMG. 


r-t  cm  •-* 

||  » II  II 


>* 

CM 

>* 

>« 

CM 

o 

ll 

o 

o 

II 

>- 

• 

•» 

JM 

CM 

a 

o CM 

• 

CM 

• 

o 

i/'t 

m. 

cn 

m 

cn 

»o» 

• 

o 

CM 

-4 

o 

r* i 

o 

CM 

o 

m 

|| 

o 

II 

o 

II 

*n 

O 

J 

'3- 

J 

o 

O 

X 

u- 

r- 

X 

o 

x 

-s- 

•> 

x 

» 

UJ 

•* 

•*3 

If 

• 

1*0 

II 

t-0 

ll 

CM 

Q 

o 

x 

II 

Q 

II 

a 

II 

X 

1-4 

r— 1 

II 

H 

M 

H 

M 

H 

II 

03 

a 

OS 

•» 

OS 

CM 

• 

X 

CM 

a 

-4 

X 

M 

•> 

X 

»> 

UJ 

H 

•> 

X 

M 

> 

< 

* 

o 

z 

V 

CU 

<J 

o 

X 

• 

-3 

H 

k 

H 

II 

t-l 

II 

< 

UJ 

II 

< 

H 

tel 

« 

_4 

CO 

• 

H 

CO 

H 

H 

«—N 

X 

/~v 

H 

H 

X 

OS 

• 

O' 

w 

X 

• 

CM 

CO 

£ 

• 

CM 

CO 

**s» 

CM 

J 

• 

CM 

CO 

.CM 

o 

X 

O 

X 

a* 

•"> 

O 

x 

4 

o 

o 

UJ 

^4 

UJ 

o 

o 

UJ 

•> 

«-4 

X 

X 

H 

X 

Cl, 

< 

a 

as 

CU 

O'  o 

OS 

CU 

O'  UJ 

CU 

o 

OS 

X 

O'  uj 

X 

X 

•> 

X 

• 

< 

H 

< 

UJ 

< 

CO 

•> 

UJ 

• 

< 

CO 

CU 

< 

•* 

UJ 

• 

< 

CO 

X 

< 

X 

*4 

CM 

~J 

f— 

m 

•> 

CM 

• 

H 

II 

UJ 

tM 

UJ 

H 

II 

< 

H 

H 

CM 

H 

H 

II 

< 

H 

•* 

• 

> 

II 

> 

• 

<* 

• 

• 

• 

H 

II 

H 

•> 

O 

z 

II 

z 

• 

o 

H 

•> 

O 

II 

O 

•> 

o 

H 

• 

H 

o 

-3 

H 

-J 

00 

CM 

44 

co 

H 

CO 

U- 

t-4 

H 

1-4 

^4 

u- 

II 

UJ 

H 

UJ 

44 

X 

It 

«— < 

X 

£ 

X 

X 

X 

X 

X 

X 

v 

X 

UJ 

X 

UJ 

X 

UJ 

CO 

UJ 

03 

UJ 

• 

CO 

UJ 

o 

UJ 

X 

UJ 

•* 

CO 

X 

o 

CJ 

OC 

CO 

OS 

X 

CL, 

CU 

(_J 

CU 

X 

-» 

CO 

-3 

CU 

■ ■< 

£ 

CO 

£ 

CU 

cm 

UJ 

o 

CU 

a 

CO 

X 

X 

CM 

X 

o 

X 

X 

O 

X 

X 

X 

< 

< 

< 

y£> 

< 

< 

Q 

to 

Q 

< 

UJ 

o 

UJ 

O 

< 

U 

o 

nO 

< 

o 

UJ 

o 

< 

u 

X 

*£> 

< 

X 

Z 

H 

OS 

• 

H 

H 

H 

H 

- 

H 

H 

< 

OS 

< 

H 

CU 

o 

OS 

• 

O 

H 

CU 

*-4 

w 

H 

CJ 

X 

• 

O 

H 

X 

H4 

w 

H 

X 

• 

a, 

—3 

» 

• 

*> 

•> 

O 

•» 

« 

•> 

CU 

• 

»• 

* 

< 

4 

CU 

UJ 

4 

w 

< 

u. 

o 

» 

CU 

H 

• 

w 

< 

X 

o 

•* 

Z 

X 

« 

> 

z 

Z 

U- 

Q 

OS 

a 

Q 

X 

4 

H 

Z 

Q 

H 

X 

4 

z 

z 

a 

H 

OS 

a 

X 

* 

U 

z 

a 

H 

w 

X 

O 

X 

x 

u 

H 

J 

OS 

os 

o 

Z 

3: 

z 

Z 

u 

H 

CO 

os 

Z 

• 

o 

H 

►— 

as 

z 

» 

h- 

£ 

z 

o 

H 

UJ 

X 

z 

• 

H 

£ 

z 

V 

=3 

< 

X 

x 

X 

3 

>* 

t_< 

H 

r-t 

< 

UJ 

X 

44 

UJ 

< 

UJ 

CO 

X 

*— * 

UJ 

UJ 

H 

►4 

< 

UJ 

X 

X 

«—i 

X 

X 

H 

•— 1 

< 

H 

H 

CO 

as 

h* 

H 

CU 

Z 

OS 

z 

H 

CO 

H 

z 

X 

H 

CO 

£ 

H 

z 

X 

CO 

OS 

z 

H 

CO 

-3 

H 

z 

X 

CO 

X 

z 

H 

U 

H 

o 

X 

X 

x 

o 

X 

O 

X 

UJ 

t- 

Q 

a 

CO 

to 

f-t 

H 

X 

o 

UJ 

UJ 

t-4 

Q 

o 

UJ 

H 

Q 

o 

UJ 

UJ 

*-4 

o 

o 

X 

H 

x 

< 

-1 

H 

OS 

OS 

O 

as 

CO 

OS 

OS 

< 

J 

< 

as 

os 

u. 

C 

X 

o 

OS 

as 

u. 

X 

CO 

OS 

< 

_1 

o 

X 

X 

X 

X 

co 

X 

< 

67 


LDSET, PRESET=ZERO 
REPORT. 

RETURN .REPORT. 


REWIND, TAPE8,TAPE9,TAPE10,TAPE12. 
FILE .TAPE l 2 , FO=SQ , BT=C , RT=Z , FL=150 
F I LE , T APE  3 , FO=SQ , BT=C ,RT=Z , FL=33. 
LDSET(FILES=TAPE3/TAPE12) 

SORTMRG ( 6C ) 


O 

x 

• 

X 

• 

X 

* 

O 

» 

• 

NJ 

II 

X 

II 

N 

Q 

o 

co- 

II 

0 

II 

Q 

It 

ll 

H 

M 

H 

*-< 

H 

X 

•> 

x 

0 

X 

» 

X 

CM 

• 

X 

(1 

X 

X 

W 

» 

X 

•* 

X 

H 

* 

Q 

> 

< 

•» 

O 

z 

0 

X 

O 

O 

• 

F-W 

X 

H 

• 

H 

II 

M 

II 

< 

X 

II 

CM 

at 

X 

* 

CO 

• 

H 

X 

/— «. 

H 

H 

X 

'■v 

h> 

O 

• 

OS 

• 

O' 

X 

X 

• 

CM 

X 

z 

• 

CM 

to 

CM 

X 

• 

CM 

CO 

X 

Z 

o 

X 

O 

u 

X 

—> 

O 

CmJ 

• 

a 

O 

X 

* 

X 

0 

O 

X 

* 

tx, 

o 

DC 

t- 

X 

X 

< 

a 

X 

X 

O'  0 

X 

X 

O'  x 

X 

0 

X 

X 

O' 

< 

X 

m 

x 

• 

< 

H 

< 

X 

«c 

CO 

* 

X 

• 

< 

to 

X 

< 

•> 

X 

• 

< 

CO 

H 

• 

CM 

X 

X 

-J 

H 

•> 

to 

• 

H 

II 

X 

X 

X 

t- 

II 

< 

H 

H 

N 

H 

H 

II 

r- 

II 

• 

II 

> 

• 

# 

# 

f- 

« 

f— 

» 

0 

z 

II 

z 

0 

H 

• 

O 

II 

O 

» 

0 

c"> 

^4 

o 

H 

o 

a 

H 

X 

CO 

t*4 

r— < 

H 

co 

H 

CO 

•— i 

X 

f- 

»-* 

— • 

X 

II 

•— < 

X 

f- 

X 

X 

X 

X 

z 

X 

z 

X 

x 

x 

X 

X 

X 

/— s 

x 

CO 

X 

X 

X 

X 

X 

X 

X 

X 

» 

X 

X 

X 

X 

X 

X 

* 

X 

P- 

o 

co 

o 

X 

CO 

X 

X 

X 

X 

u 

X 

X 

-> 

CO 

X 

X 

Z 

CO 

z 

X 

CM 

X 

O 

X 

X 

X 

X 

X 

CM 

< 

< 

s 

X 

z 

X 

X 

X 

< 

< 

< 

< 

< 

a 

x 

0 

< 

to 

O 

X 

0 

< 

X 

X 

sO 

< 

O 

X 

0 

< 

X 

H 

H 

a 

os 

3 

H 

X 

• 

H 

H 

H 

H 

w 

H 

H 

< 

X 

< 

H 

X 

O 

X 

• 

0 

X 

X 

»-< 

w 

H 

O 

X 

• 

0 

H 

X 

«. 

M 

a. 

X 

X 

« 

•> 

• 

» 

o 

» 

* 

•> 

X 

• 

• 

< 

» 

X 

X 

« 

N— ' 

< 

X 

O 

■ — ' 

•» 

X 

H 

* 

w 

< 

Q 

Q 

X 

« 

• 

z 

X 

* 

> 

z 

Z 

X 

O 

X 

a 

a 

X 

• 

t~ 

z 

O 

H 

X 

» 

z 

z 

0 

f- 

X 

O 

Z 

• 

O 

z 

O 

H 

Z 

Z 

u 

H 

O 

OS 

u 

H 

X 

X 

X 

CJ 

z 

2; 

z 

z 

0 

H 

co 

X 

Z 

« 

0 

H 

»~4 

X 

z 

» 

X 

z 

z 

0 

X 

X 

X 

Z 

* 

i_i 

H-4 

< 

w 

Z 

X 

c 

X 

x 

X 

X 

>- 

p-< 

H 

«— 

< 

x 

X 

X 

F-< 

X 

< 

X 

X 

X 

>— < 

X 

X 

f— 

«— ' 

< 

X 

X 

=3 

X 

5 

H 

CO 

O 

H 

H 

CO 

X 

H 

H 

X 

X 

:* 

H 

CO 

X 

H 

3 

X 

H 

co 

z 

H 

X 

X 

X 

Z 

H 

CO 

X 

H 

X 

x 

U1 

H 

Q 

=> 

X 

H 

a 

X 

X 

x 

o 

x 

O 

to 

to 

H 

a 

a 

CO 

X 

f-« 

H 

a 

0 

X 

X 

►-» 

Q 

0 

X 

H 

0 

0 

X 

X 

X 

OS 

< 

X 

5 

OS 

< 

X 

H 

X 

K 

o 

X 

CO 

X 

X 

< 

X 

< 

X 

X 

X 

< 

X 

O 

X 

X 

X 

X 

CO 

X 

< 

X 

0 

X 

X 

X 

68 


LDS  ET( FILES  = TAPE1/TAPE2) 
SORTMRG(6C) 

REWIND(TAPEl ,TAPE2) 

ATTACH, REPORT, REPORT, ID  = E7  40052 , CY 


LDSET,PRESET=ZERO. 

REPORT . 

RETURN, REPORT. 

REWIND, TAPE  8 ,TAPE9 .TAPE  10 .TAPE  12 


»-  * f-*  J * * » . » to  ' « > i i - x r i *1  » 


r— 4 

ro 

>- 

m 

• 

m 

co 

II 

CO 

u 

O 

eg 

o 

co 

J 

II 

O 

m 

li  O 

ll 

X 

eg 

O 

x -d- 

d 

X 

*n 

n* 

O 

X f>- 

X 

Cd 

o 

X 

« X 

* 

II 

M 

o 

N 

• 

e*» 

X II 

N 

H 

II  '-*» 

Q 

o 

X 

ii  a 

II 

cc 

H CM 

M 

H 

II 

H *H 

H /-v 

OS  ~4 

X 

•> 

Id 

Q 

x * 

X cs 

CJ 

• to] 

II 

J 

X 

M 

• X 

•>  X 

II 

o x 

a 

> 

< 

• 

a z 

o x 

H 

II  <! 

• 

pH 

J 

H 

• 

H 

II  eg 

II  < 

A 

H H 

eg 

Id 

• 

*H 

CO 

• 

H CO 

fcH  H 

A 

^4 

o 

• 

os 

• 

O 

td 

X 

• 

eg 

A £ 

• 

eg 

A V 

O' 

• co 

b3 

z 

o 

X 

o 

(d 

X 

*—) 

o 

X 

• O 

O 

X 

* 

to 

O'  x 

ft. 

u 

OS 

H 

X 

X 

-C 

a 

X 

X 

O'  O 

X 

X 

O'  X 

|| 

to  X 

< 

3 

x 

• 

Id 

• 

< 

H 

< 

X 

< 

to  •> 

X 

• 

< 

X X 

o 

II  < 

H 

• 

NJ 

J 

tv3 

J 

H 

•> 

. 

•> 

N3 

• 

H 

II  X 

N 

X 

H 

II 

u> 

O H 

r>» 

II 

• 

> 

II 

> 

• 

• 

• 

• 

f- 

II 

H 

* 

O Z 

II 

z 

* 

O H 

(fa  II 

ro 

_4 

o 

H 

o 

-3 

H 

-3 

00 

eg 

— < 

w-t 

to 

H 

to 

•■h 

X PH 

H 

•H 

*H 

X ll 

eg 

• tO 

e-S  U1 

x 

z 

X 

z 

(d 

(d 

Cd 

<d 

X 

X 

^ x 

X 

X 

X 

X 

X 

► A 

X 

A 

X 

• to 

co  X 

O X 

Oh 

o 

to 

u 

X 

to 

X 

X 

X 

X 

o x 

X 

-3 

to 

*“J 

X 

— £ 

to 

£ 

X 

eg  x 

U Ul  J < < D I 
a.  cu  «-«  w H h 5 i 

< < u-  cj  - - -i 

H H w X Q a * 

- - H £ Z Z V l 

u U U1  H H M < I 

J J i/l  a!  2 ? H i 

• a o X X H i 

u.  u.  j w k a < 


c <f  < <©  < < 

• » • • U » • 


< bl  O U 
H D<  U K 

* - < • x i 


o < x x ' 

u H a,  M ' 
* w < u. 


o:  u H j a 

: 3 < u bi  o : 
1 H H W 05  H I 
U H Q Z U I 

K<  JH«i 


QHX  - Z Z O H w i 

z * o h •— * os  z • h-  : 

hU<UADhUU 

:*JHtn£H:*J(ni 

UJhHQOUWhQ 

b;i*.<joceb;u.j 


LDSET,PRESET=ZERO. 

COLLECT. 

RETURN, COLLECT. 

REWI ND ( TAPE  1 .TAPEZ) 


SORT ( l , 1 ,33, ,4) 
FILE(TAPE12,S,D 
FILE(TAPE3,0,D, 


o 

N 

5- 

X 

> 

=> 

H 

CO 

OC 

Or 

X 

o 
z 
. X 


o 

N 

X 

> 


X 

O' 

X 

o 

z 


o 


O 

N 

>- 

X 

5 

> 

H 

to 


>* 

X 

> 

r> 

H 

to 

06 

O' 

x 

o 

z 

s 


X 

X 

u 

x-s 

X 

X 

z 

«~s 

X 

z 

z 

X 

M 

z 

z 

X 

z 

z 

X 

A 

z 

-3 

A 

A 

X 

to 

A 

A 

X 

A 

A 

*“> 

X 

A 

M 

X 

X 

*-> 

to 

X 

X 

~i 

X 

X 

M 

A 

X 

X 

A 

A 

M 

< 

A 

a 

M 

A 

A 

X 

A 

a 

o 

A 

A 

z 

O 

, — , 

a 

a 

X 

r-k 

A 

A 

o 

✓— « 

a 

A 

X 

^-N 

Q 

a 

o 

/-N 

o 

o 

a 

a 

O 

Q 

a 

X 

A 

a 

X 

m 

A 

a 

•> 

X 

m 

00 

to 

•> 

•> 

a 

X 

PO 

A 

A 

A 

X 

/— s 

—4 

A 

CO 

A 

a 

/— k 

ro 

A 

to 

o 

X 

o 

X 

•> 

to 

o 

X 

r** 

PO 

A 

co 

o 

a 

m 

A 

A 

o 

o 

m 

•> 

m 

• 

a 

Q 

CM 

• 

< 

PO 

A 

•. 

a 

A 

A 

A 

o 

—4 

A 

PO 

CM 

A 

00 

•> 

=> 

<r 

—* 

o 

A 

• Z 

o 

>- 

PO 

—4 

PM 

o 

•> 

s 

—4 

CM 

X 

• 

z 

Cl 

—4 

C"l 

< 

a 

• 

X 

X 

X 

•—4 

• 

o 

3E 

A 

X 

X 

X 

—4 

A 

A 

X 

X 

< 

A 

A 

X 

X 

• 

• 

•— < 

X 

X 

< 

A 

M 

00 

z 

—4 

X 

X 

< 

A 

M 

f-4 

X 

X 

A 

A 

M 

X 

X 

o 

• 

< 

< 

a 

u 

> — > 

=3 

A 

< 

< 

«k 

o 

w 

A 

< 

< 

u 

w 

A 

< 

< 

ro 

A 

Q 

.—4 

H 

H 

r-» 

• 

a 

a 

—4 

H 

H 

A 

Q 

r"4 

H 

H 

PO 

A 

o 

—4 

H 

H 

o 

< 

X 

< 

•w- 



w 

PO 

< 

X 

o 

o 

— ' 

v_x 

ro 

< 

X 

- 

— 

w 

o 

< 

X 

' — 

O 

H 

UJ 

X 

w 

w 

O 

o 

to 

H 

X 

X 

N 



o 

H 

UJ 

X 

w 

w 

O 

H 

X 

W 

O'  > 

o 

Q 

X 

X 

X 

O'  >- 

CJ 

Q 

00 

X 

X 

X 

X 

O'  >- 

O 

a 

X 

X 

X 

O'  >- 

O 

a 

X 

X 

X 

X 

txJ 

tu 

z 

♦ 

•—1 

♦ 

o 

P-4 

1-4 

X 

X 

X 

z 

♦ 

< 

* 

o 

4-4 

4—4 

X 

X 

X 

z 

* 

o 

p-4 

4-4 

X 

X 

X 

z 

* 

o 

4-4 

4-4 

CO 

X 

X 

X 

* 

o 

* 

to 

X 

X 

X 

X 

X 

X 

♦ 

* 

X 

X 

X 

X 

X 

X 

X 

* 

X 

X 

X 

to 

X 

X 

X 

♦ 

CO 

X 

X 

SEQ( 63  , ABCDEFGHI JKLMNOPQRSTUVWXYZO 1 2 34 56 789+-*/ ( )$ 
KEY ( A , C , 1 » 5 ) 

RECORDC  ,U,33) 

END 


Vt 


» 


C/3o^ 


Z,0  f~  £TS  2)oS’&£T  o/Qo  u_  cot 
AC  13oE-  7£>  7£>  ^Sfy0  77/ 72. 

SP Asd\ekesa 

ViP_AF5  2 AZl'-f 


ocs  3 


X 03^ 

'l' 

LoMSM?/Z.ov/35 


s DoSi£“  O/&0  CC  COZ 

AC.  I SoE* ‘7£>  ^7^  *77/77 

<5fl _Asd|eue£A 

WPAF5 Hr.A7cZ  2:  A 2^0 

PCS  3 


_Loy>  Hl/Lo  y/3s~//L  o y/zz. 


XOZHol 

V 

LOMIZ.1. 


- ytoyzzo 


ZoF  &S  7>oSi>£  0180  u.  ooL 

Cl3oE 740CT-7T  MA'J  THU 

- SP ASP|£WESA 

-VlPAFft n-AW  2 ACM, 

0CS3  7oTO 


Xos^o^ 

Lo  151?/  Lo/^pf 


£-5  DoU£  0/30  CC  CO/L 

-C  1 3oET_ 74  0CT-T1  MA'J  ni  111 

SP  AsdJemcsa 

VQPAP&  ....  7-4477  Z AJ>3/ 

- • oc*  7CPO 

X 03=103 

V . 

LoUoM7/l.02574 

ZOF  EX  PoSZE  0/3  0 U.  003 
. JH3o6T_  74ocr-  7T  77/7/ 

- SP  Ai]> | ITV4ESA 

\aJPaf6 7-4477  2 /wy 

OCS  3 74&0 

X03^oh 

■i 

K-0  25 'W/M<?..2fjrZ_. 

FB__  TbSZE  0/3 o CC  00*f 
_Cl3oIT  _ 74  ocT-  77  Jl/hf  77/7/ 

AST)/  k~UESfl 

7-U79  B Brsy 

X 03 <?o5 

v ;; 

L.0ZS11 

Lo  IUH  1 LoZ5iy /L0259?/ 

74 

/C<j  Jf£y/£aif7j 

•’"’■'•A*-**'  .tfgiW  , , * 

C/y/4 


3p_F  £~s  __  JtoStg'.  0/6 o U,  COL 
- A C lHl/y  7c>  Tia/-  70  Jirp  77/  7Z 

X 0 3157!  ~ 

SP  % A5p/£r//£S/9 

V4PAFB 7-J69?  2\  Am 

oa>  3 

..  i, 

LOfcioo/Lofci-oi 

p/xS^r  0/66  /C 00Z 
_Acm-iA  76  ;n/w  - 76  Jfc-?3  77/7X- 

' ; . : ; ; 

6 P ASP/&/E54 

WPAPS  _ 7-2b<f<}  2-  /iz42. 

oct>  3 7fiZ0 

(pLO  z~ 

%0F  JTS  'j)o&£Z;  0/60  Us  po3 

AC  IM-lA JJo  TOU-  llo  S*rP  77/72. 

Sp  ASD|£NESA 

VIPAFS  1-Wf?  2 Aii3 

0ct>  3 7j?a 

X 0390/ 

Lo  bLonlko&l/)6 

ew/? 


So  F £S  2) oS&P  O/So  CC  OoL 

_ c.l  4 1 A .„76  Oct-  ~H  M 77/  7/ 

SP  _ ^ ASD1ERE3A 

VlPAFft  . ,7--?6  77  Zr  AD?7 


ocs~s 


7^ 


3/)/^  7>05Z/T  O/&0  CC  £)OJL 

jCj.y-lh .76  OCT-  77 /W/  77/7/ 

Sp /ASPjfcTNESA 

VlPAFB 7-3^7?  if*  4iTZ^ 

DCS  3 7a  ?0 

SO  P VoSCTT  O/Sd  CC  003 

Q.tWG_._.760Cr-'r7Sfi/  77/7/ 

__  SP  AST)|tNfcSA 

0jP/)P6  7-^7/  H-  4^7 


X 


Lo  fc  -L  0(o 


X 03 100 


k-Ofelo? 


T>0£&£'  OCSO  CC  003  X 0 3 3^ 

76acr-77  M/  77/7/ 

_ ASPlENtBA 

n-M7?  H-  /U"2?  Uo(olio//C9  b-C-J. 

Wd  


*3}/="  <T5 
CW//9 
_ T 5P  _ 
U)PAP6 .. 


Dosz/E  o/Bo  ol  coy 
76  ocr-  77 /fry  yin/ 
....  ASP|CW£5A 
.....  7 -Ml/  i M/7 

7c7d 


XOISA1 


Lo  (pJML/jL0t>JjL3 


SO  F FS  J)oF66T  0/SO  60  0<p&~ 

_ CAM  I A Oct-  1 1 M r7in  I 

HI _ S P ASJ>/  EHE5& 

Vi  Pa 7 z ba/jo 

s 0C5  *> 7^/0 


S_OF__FS 2>oSZF  o/SO  61 
-Gtyjfi 3 1*  ocj- 'll  i_i  ni 

X_J>P_ Asi>|cmesa 

\aLPAFB 7 Z- 

PCS  3 


X O 3 55? 

L,o  (p-Li-4;  | ^QG,iXS 


SlQF_  66TS  XtoSZ/T  0/S6>  60  60? 

C(41A *7(o  OCT-  7*7  HA^  71  n I 

S.P ASJ>(ehesA 

UlPAFrS...  7-367?  ^ 8Fj6? 

Qcs  3 7^0 


Aoo?(>7- 


U>  fell  ? 


C /Jo 


1 HPur  TXPL'  CMtPu.r  riPC  \0u7ac(r  7?/'> 


C /*//  # 


rnpio  IPpe 


1 XooloL 

l 

Lo454tf 

LO  4 1 3 ro 

■to3lo7 

L 0 H 1 A L 

I 

1 

1 OC-T 

1U- Ha: 

/ 77 

1 X 0330L 

L 0 1 £ 1 X 

L 0 1 sm 

f ;<  0 3 -/z  3 

1 

Lo  >tLn 

L 0 3577^ 

! X 0 33L/ 

I 

lckV-^9 

LOWS'/ 

x obits' 

1 

[.02811 

i 

77?flf3  Us/THDtfQUjsf 

~n*rjr  Ccuof) 

1 

j ! 1'iV‘iVtf- 
L 0 1 ‘3  4 <7 
Lolfe‘1'/ 
lo  ^ 5 /y 
Lowy 

LOADS'/ 

L 0 A s 7 7 

L 0 3 L L? 
10  b 

r HA.'  r 11 

5 '■•'A  'J  £-  - 

\03!?l 
XJJ  ioO 
X 0 3 ioL 


OCT  11 

p 

1/7  Xo>l4?_Lc]  L o t ifl/o 

Hi  X o^\oo  Lot?  / 0 3 

3n  /o  3 3^7  LO  <3  //0  W X I Jl 

4/7  X 0 3 547  X-OtoH'L  Lot?// 3 

s/7  X0  3sff  Lot//1-/  Lot?// 1 5 
(77  X 0 3 3/1  Lot//  6 /<? /?//'/ 

7/7  X 00  &&'/  Lao  //f 


Lo i?  100  * 

L OleloSy^  LL^^- 
LgAt+O*}  — 

Lot  1 0 1 x 

Lo  6/ 10  x fco  6t/y  - 

Lo £102.  x! 

Lot*/ 1-  X j'tC  0/^Cr- 

Loo/ j/3 

L06  iii )/  ■ l-x^yr/^1— 

Lot  loV  ^ 

L0bU3fi  lU-LUL- 

L06  foS"  /_ 

Lo  1 74  X ' Lo  t /»•  3 

LcblOk  ^ 

L ot>ll5-^ 

LOUOl 

UcbnLK  ! 

'apc  usrl>  I fe>/7  (A’l/r/i  o -fc/L  nmu  a/# 


v ' k ^ 


C&-9 


oST?~  c6  -Ho 


CD  - Ht 


D — ^4 


r 


T* 


1 


‘■  \ Jot  b 

On  tl  <■*(■ . #1  »iX> 

IW3S9 

fooCTll 

u>&m 

<26  oct  11 

U6X87 

ZI  Oct  17 

IP  5X9°) 

zi  our  n 

L%3M 

Zi  OCT n 

Lo59^ 

Zi  Oct  n 

LoM^S 

ZZOct  17 

LM  Mle 

22  OCT  "/  7 

M3S9 

22.  ocr  77 

[OS9H9 

22.  ocr77 

U6XS7 

26  77 

Ip5z°>9 

-?6#T  77 

i°53M 

,26  oct  77 

LO&tf 

26  ocril 

lo3SM6 

oct  11 

Lo379^ 

XL.  CCTV 

LOY3S7 

2i>  OcfTJ 

L»sm 

2L>  ocj  77 

io  5M7 

ynocrm 

//>//.  /.'A. 


0^7 
09  fl 
I2J?Z 
/<^6£ 
1*76 


/W 


n27 


V///L.  A/ XL 


oiYt 
/2&1 
/At>3 
i UL7 

t 

1 U7^ 

| 

I /A7 'S~ 


J f^O 


\ an 

!| 

; /aw 

t 

nu 

\ 

j 

! 

j /7fS 

! /M 
/St? 
/S/6 
///— 
JSX.3 
1S27 
/Six. 


7 «u  IZ 

//. )/L  /t/o( 

ordrs^t — 

* -Kie  ijR 

o9i9 

09S7> 

cc-  76 

MOO 

/ML 

| c 0 - So 

/Xif 

/Mi 

CA  - 3H- 

Uif 

/M? 

C&-  86 

l 

1272. 

/a  7 3 

l 

cc  - 

j 

/270 

/2.SS 

CO-  <=\h 

Wl 

| 

| /<2?7- 

! 

jCA  — loo 

/wr 

/2<)&> 

! 

;c6  -loH 

/?s? 

/7S& 

Ctf-  loS 

/?s? 

mo 

jcp-  ItZ 

m3 

/7)9 

i 

CA  - (Ho 

7799  \ 

/Sal 

c B ~ i*o 

/S/6 

/S‘7 

CC-  1 ZH 

/S/a 

//// 

C&  ~ I2<f 

/S/7 

/s/s 

04-  152- 

/Mo 

/SAI 

CB-  I56» 

/<wy 

/US' 

CC  - lYo 

/SAS 

/SA? 

CD  - (YY 

/S33 

/S3y 

Cf-/# 

/L 


r 


/(/A'  i/u"b  Tton,  (tm) 't  i> 

ISfXft  J70T77 
19S3W  yq  oct  17 

toSltf  UfOCT 17 

IP #7/  m <xrn 
i$?M>  \jejocrt7 
iPY&i  \pioctit\ 

i!  l 


leflft  pi ocr  il\ 


1&381  \3socrn  i 

j i 

HS&ft  \2Xccni  j 


'iLLr.  ‘?A. 

mr 

/m 

/w 

ts&> 

/&k 

/fit 

/JU 

J36>1 

Z&6 


7? //L  //r.' 

//J£ 
Wi- 
rt ti 

rtsi 

rtn 

! 

//<o. 

I asss 

j 

I 5)367- 
I:  J3U 


L 


10S399  \Moern  ! 2369 

; 2370  \ 

1 II 

1&372  Agocrll-  <2373 

i <• 

&>5b/p  j 

loltys~  22  oc r 77  i <£43^ 

I 1 

is’fx.  | 

ls39?6  AS  oct  17  ! 76 A/ 

! 7769  \ 

IP/357  A&ocm  \ 7767 

\ 776*  j 

H5?/9  Aiocni  777L 

! 7773  S 

i 

10&F7  \tfocr11  7 77/ 

! 7779 

j 

K5299  XfocrTt  | 77/3 

1.  1 

77// 

1/53W  aqocrn  ! 77/7 

1 7 7// 

i°sjv*  Astern  777a- 

1 m. 

7/f/L  A A' 

/t$7 

/S& 

mt 

///x 

//r/ 

/m 

J3SJ 
\ 2LU3 

23?1 

\ 

| IS'!? 

t>S*3 
\ 776S" 

I 

j 77&? 

\ 7776 

77// 

i 

777 S' 
77ft 
77  fi 


"tiUPL. 

/J3f 

rtfi 

/m 

rtSTT 

//#7 

Wf 

! 23U) 
Wi 
ati* 
2372- 
j 6sVo 

I 76*° 

i 7766 


1 \ IK 

1 

\CF  -/si. 

\ 

C6  -/St, 

I 

jc//  -/6*> 

i 

W-/6Y 
b ~ /£* 

| CC  - /7^ 

j 

jd>  - H6 

j 

Cf  - //o 

| op  - //y 

i • 

! C6  - /// 

I 

II 

pH  -/?> 
ca  -m 
ioij  -a/>» 


7770  CC  -sof 
7777  CO  -Jog 
77*7-  Cf  - S/>- 
77*6>  Cf  A/6 
779/  06 -M> 

11fS~  Op-Mf 


•r  /JiA/cftK 


"Da it'  GxA'iti>  j /a  i - t/X. 


__  _ | 7 W/L  XX.  “/Ml  AX 

At  Die  71  *22i  7W  Wo  77 9S  Us?3/  7776 


Lo5H/ 

LPS 999  | *2/  ^T77  ,^33  77-  / 7/^0  *xjs  I/oZ 


LC7935 


2/  Pe~c  7 7 \ff/A37  73o5  W*  W? 


IfiVtff  <2/ Pet  11  Pxyt  7/&9  Pw*-  7/// 


#jy3  7?fl+ 


X A L_  //G_ 

Mil-  77??  C6  - JAP 

I 

//*y  c//  - 33* 

1 

i 

9*yo  ;cr  - <236 

I 

#*yi  7// 3 |cr  -py<5 


02X7  7f&  four  77/7  CA  - J?Vy 


l033*/5  2/  fez  77  \**vr  73/9  'p#  73/5 
10399k  22  Pec  17  fan  77/7  *25°  77/9  fax  772&  y^xv  7/A/  ;C8  -2*73 

I I i 

1 I 1 

12*735*1  2/Decil  fasi  77xx  fasy  73X3  a^sr  7/09  Vjxz.  7/a£"  ,CC  - 25X 

! ! 1 i 

105237  2/ Pet  7/  fax  7/0L  fa**  7307  fax  7/09  *2U>  7/io  c 0-2S& 

1 I ■ 

, 1 • 

105297  2/ Pec  77  ^6/  7/3/  #!&  73to~'*M> 3 7033  fax  7/35  C £-2 Co 

U)53VY  */feCT/  favr  7735  #zu  7/36  fax  7337  ***  7333  CP  —269 

; ;i- 

U> 59*73  2/PETT7  fax  7739  * 270  73*70  fait  737/  fayy  7771-  cb  ~ZW 

i . i ; 

lp59*79  2f  Dec  71  s*73  7/35*21*/  7/#  favr  7397  awl  737/  C H -212 

: ■ ' j i 

10*7133  2/  £rc  77  fan  7771  *w*  735o  fart  735/  faro  cl  -0% 

I ; 1 j 

L&993$  2!  Dec  17  fast  7/S 3 '***>  7357/  fats  7/iJ  fa*/  7/S'y  CT - 27 o 

; ! j j 

£p3f*/5~  22  fez  77  >;«/s-  7/iZ  7/57  W 7/^  73(>l  CA  -37*/ 

/j>  j 22  fez  17  'fan  7/6  3 fate  73^*/  fay,  7365  fan  7366  C8  - 233 
'0*73*9  22  fez  31  fa'*  7367  fa"  7/63  *21x7/69  \ fan,  7/7/  CC  ~ 292. 

> »r  ' ;/  *,,<  ////  //*A  fair  //7C  *^7/77  Cp  - 2% 

105211  PXPecII  *301  7/71  *#y  7/30  ^ 7///  *y*y  7//>  G/T-frv 

01 


1 

'■ 


L0SS9V 

is>syw 

u>mi 

IP  9933 

uy<j3t 

Ip  3*VS~ 

Lpzqft 

U>*/3$ 1 

LP&S7 

Los&l 


JJ*\Tl  ( j| ./l  it  L)  | A 'L  Sis  '. 

22  Ac  77  :f3or  7**3 

! 1 

zxtkc-n  .**?  7/ *2 

j 1 

itec  77  fa*  1WL 

I • 

Oft.  77  w 7S% 


Sa/L  S;\ ' 


Si)  L V'S’ 


f 


ZZDetTl  jpv  7f-n 

i 

pA  Dtc-n  *sxr7-L<* 

\ 

j*»  °K7?  «1?  tfi/l. 


I***  722*/  #3a7 

i 

j 03/o  7**9  \*3it  7*9o 

i i 

*4*i  7293  \#3iS-  mi 

i 

\*M  7797  loir  7m 

j | 

1—1—  *}*s  7-VZ. 

! t 

i#3%  2*90  7*/0 

; ! 

*x°  f//3  ?&  9M 
i i 

ten  Iwr  9970 


Pet  77  >333  7*7(0 

j j 1 

-W  ife  7?  mi  1-99  ■**»  -Z0(,  \mi -MX 

I i I 

pA&c?7  {#3w-*J7  lf3v*-*S i. 


: /AlL  A'A*. 

7**1 

» 

yj/i~ 

1 

4&k>  7m 

1 

rw  1-9(* 

\ 

i ms  92/7 

\ 

I 

>33V  j8f/T" 

#3*>  —£Zi 


’ i-t<  k U <£:  t< 

J AJ-r’jdt  KL 

\cf  - 3*V 


Jc6  - 3t><s> 
ctf  - 5/>- 
cr  -3/4 
cr  -S^o 


c* 

C£ 

I 

I 

Ice 

i 

i 

jcp  ■ 
C£ 


3UV 

3# 

33Z 

31L 

3Vo 


83 


'w  • * ' ' ' V.  w ^ ^ 


I 1/1  -\  I / 


\/‘f ' J/u/'/tjtjC. 

/ AIL 

y/)/L  av 

! YAtL  M‘ 

7 7,iL  /U/L 

ulck  uAtru  s 
SKIP  ►J'-ifriStl 

Loswy 

22  tec  77 

0/ 

to/3 

01~ 

OCoL 

03 

0007, 

*1 

000  3 

CP  — 0 

U>$243~  23  tec  11 

0S- 

0007 

AP^p 

0OoS~ 

*7 

OOOlo 

03 

00a  7 

CA  ~ V 

Lo39?6 

JSfeill 

0 ? 

000*1 

0/0 

00/0 

0// 

OOLL 

0/1* 

00/2. 

CB  ^ 8 

0^33? 

23t*z-n 

0/1 

oo/3 

0/i 

00/ sT 

I 

0/s~ 

oo/7 

0/0 

00/8 

CC  - 12 

\ 

/JS7t8? 

23  tec  11 

0/7 

00/7 

0/f 

oo2o 

0/7 

002 / 

0X0 

007*1 

CD  c IL 

L*nr/ 

23tecil 

0-U 

0023 

0\3- 

oozy 

01-1 

i 

002S~ 

t 

\ 

002(<> 

CE ’ ^ 20 

Lo£3*/y 

XI  Pec  11 

011 

00X7 

*i(. 

00x7 

0X7 

oo3o 

1 

0U 

oo3 / 

CF  U 2^ 

U>SW8 

28  Veen 

02.? 

oU2 

03o 

0/27 

03/ 

o/3o 

0)1* 

0/32, 

CCi  28 

1)0)89 

23tecil 

m 

o/33 

03/ 

0/37 

03? 

o/38 

883(* 

1 

0/27 

CH  - 3-2- 

Letf)33 

23  tecii 

037 

0(^0 

038 

otqi 

0i? 

0/V2- 

1 

o/V3 

CX  *-3U 

LoWW 

23  teem 

00/ 

G/4S 

o/4L 

-.fig- 

0/47 

*£L. 

0M8 

CT—  4c 

> 

la  38  Lo  22  tec.  nr/  #ys-  Gl1/*}  *¥L  OlSo  0/7  o/5/  *rs  o/s3  CA  ^ W 

i 

L/>347(o  2$  Dec  7")  *v?  oi&{  *&  o/55  0S7  oiSi»  ''m*  0/57  C6  ~ *48 

I 

10^3^7  w tec  11  *S3  o/s8  0&/  o/S*)  *srrOtt>0  *st  0/61  cc-  SX 

j 

LP&t'l  27  Pec  11  >ts'7  0/62,  psr  o/6>7  0sj  0/6  S *io  o/t>(*  CD  ~ £Z> 

i 

LoS^f^  27  Dec  11  *u  0/70  /riv  0/7/  ms  o/7 >*y  0/73.  Ct^-  (g,o 

JS&W  27  tec  71  *ts~  017(0  #u,  0(77  *^7  o/78  aw  0/77  CF  — <•*/ 

lo^fy8  27  tecil  fa?  0/8 0 a7o  0/8/  07/  o/8X*  *71-  c/83  C6  — (08 

bSJ^  27  Dec  11 073  o/ty  «?<  o/85~  */r  o/82  *%  0/87  C//~  7^ 

RL 


ltW33 

lM>i  (i  ttyn  0 

27  Pecii 

7A/L  A>M 

*77  Ot^O 

- )7\iL  A//J 

*7*  0/7/ 

7'A/L  AJK. 

*n  0/92- 

7AU-  */K 

070  0/93 

UlCV;  U'-L*  r 

Z'  //s/oift./ \5 

Cl  - 76 

UftoS? 

JX2  Pec  11 

m-WH.. 

*/2r  P/77 

g£l„OXoo 

ct  - fa 

‘i/io 

27 Dec  77 

wz  OXo! 

*&>  0X0 5 

*gy  OXoO 

H00  027)'] 

CA  ~f¥ 

V9W& 

27  Pen  77  4* 

*<fo  OA/0 

*1,  0X/7 

*iu  02(7 

ce  ,J-/f 

WS9 

XfPet  11 

Us  0221 

*<w  0x25 

HIS-  OX2*f 

*1<0  0225 

CC  - 17- 

1 

lKi/7 

29  Vet  11 

*<w  0x2(0 

#?*  0227 

071  022? 

*/oo  0227 

1 

CP  - 96 

nan 

27  Pecll 

*/o/  o23o 

tho  x 0X31 

M/03  02  3 X 

0A>i  0233 

CF  '-/OX 

«s3 yy 

27  Pec  11 

*/<>?  C25i 

*/ol  0X35 

0/07  o23L 

0/Og  0237 

1 

CF  -/W 

j 

i^y/ 

27P&CTJ 

*/*i  0X5? 

*7/0  0X37 

0/11  02*/ O 

0tn.  0291 

C6  -H>f 

%7y? 

27  Pecii 

*//3  0X*/2 

#//y  0X*/3 

M/s-  02tj*j 

*#t  02HS 

CH  -7/7- 

U>tfi33  27  Dt-cT7 

*/t7  02*1(0 

*//*  02*17 

*,,<1  02*/? 

H/Ao  0277 

Ct  '-!/<, 

lo^fSf  27  i%c77 

Av  025° 

h/aa  0251 

mas  OX  5X 

*0 1 0X5 3 

CT-/JLO 

MUo  Jit  OetYf 

*#*  oxsy 

0265 

0/07  025(0 

*ur  0257 

CA  - (X*i 

JS  Vein 

M09  0X52 

*/m  0257 

0/Sf  OXiO 

*/3>-  02/0  1 

C5  - IX  f 

19*/35J  X9  Pktii  <*»  f/jy  0^43  #/ar  021*7  *&.  0205  CC  - Via. 

• l$SS 27  zXVcLll  m7  o&2  *,*/  ox ?/  */*  d*75  **>  0X7(0.  CP  -/$(, 

■ I4SZ7?  MVecll  *,<,,  0X77  ^ 0X7?  *m  0X?o  */*  060 9 CE-/V0 

1$  £3*7*^  2.2  Pec  17  *//?  oC(/  Mu  oC/*j  ^7  00/(0  *h*  06/7  CF  --/*/*/ 

faST4/?  X?  pFt  77  #/yy  #/r»  O/Xo  0/0  0&3J  wt,  0/*22-  C 6 * /*/? 

i 1 J.  85  i jf 


T /f/Wj/f 

LP5?tf 

...  M 7 r /}t  />/<  o - 'M  / L 

it  t*FC  77  ///Si  6623 

JML  AV 

#/sy  062S~ 

TAtL  AM' 

*/ss~  6626 

7A/L  K/0^ 

0/sZ.  6622 

Ui£  < U ic  t>  + 
Xwmp  hlon)6i/C 

CH  -/52- 

Loft V3 

22  lfec77  »»7 

0(>ZS 

0/ir 

6631, 

*s*t  063 3 

\ 

Mo 

66*7 

ex  - /5Z> 

U>JB2£_ 

77  «* 

0635 

0H*- 

0636 

*/a  6637 

0/1  i 

663/ 

CT  -Me 

IfiiflO 

£>o  Din  77 

0C19 

0/U. 

06^0 

»/C7  0i*f1 

0/C0 

06</3 

CA  ~ MH 

U>39% 

*?  9 77  <r/<£? 

OMH 

0/7° 

o6q<$ 

0171  0696 

0*71- 

o6Yy 

j 

ce>  -Hi 

L0/3S1 

2?  Oecll  0/73 

we 

0/70 

0Wf 

fas'  O6S0 

#/7t> 

6651, 

\ 

CC  - /7* 

1 

(PSirj 

2^  $£77  *rn 

6653 

M/00 

2775 

*/7j  2776 

0/0o  2777 

1 

CO  -H6 

0>sz99 

22  Bfc  11  */st 

277/ 

0/SA- 

277? 

70/03  ¥61o 

0/09 

¥611 

cer  ^ i to 

Ms3*y 

22  Dec  T7  «r 

V6/1L 

0/Sb 

¥6/3 

0007  ¥6/£~ 

0/00 

CF  -IN 

22  tec  11  */n 

Yuy 

0/00 

///?/  */63o 

0/?2* 

¥631 

C6  -/it 

lP{W? 

29  tec  77  *?3 

0/9Y 

Y£3f 

0//0  ¥6V2- 

*&/ 

¥6V</ 

CH  -192- 

0>W33 

A*  77  w 

¥2/7 

*/?8 

¥65X 

0/Ti  £2/7 

0J.OO 

£2// 

cx  -I9<P 

LPH93? 

2*.\feTl+Pt 

£226 

0Ar*A 

£222, 

*A« 3 £26S 

0A°¥. 

5266 

CT  ~*oo 

LOSSAo 

29  Da-11  **>sr 

52W 

0X>(, 

526J 

01.47  £2-70 

01*8 

£27* 

CA  -2<*/ 

LOS99& 

2°f  PecT!  **#>  £272 

0A/o 

£279 

0jm  (g  /26 

0A /A, 

6/31 

[ 

CS  -2of 

i0//3S9 

Aty  D&Sll  fla/3 

&/. M 

00/ </ 

&3S~ 

*a/s~  6/36 

0A/U 

6/37. 

CC  -2/2. 

/pgtgl 

A9  te.77  ,A7 

i/99 

W 6/52, 

0Aj<j  6/6  7— 

0A3o 

6/63 

CO -2/6 

LOSXfi 

Af  Ac77,„, 

tiXirL. 

6/16 

t/m  6/6*7 

0J*H 

6/6 / 

CC-  22o 

lo&fy 

A</t»C  77  *» 

i/(>9 

*3*, 

6/7¥ 

86 

>037  6/7S~ 

0730 

6/H 

CF-22¥ 

1 

t 


l 


iLt'iwtJ  «■ 


/V"  y-\/i  (Yi,HUb  /ML  A«V  /£4?t  /A'  | 73  'L  A \'  V.A/L  /A'  ; fol'i'Jt*! 

'j>svyf  wo* 77  Ar3o  6 /9S~  h/jfe  wi.  6/99  C6  ~ 32$ 

I 

'-337V?  39  Pan  *m  fool  ***  6Ao$  *ns  LW  m U47  CM 

I I ; 

(4*493$  39  Ac  77  «7  7 «*  7**3  *«?  7tfAt  *»*>  7^/y  CX  - *23*> 


; ! ! 

39  Vail  «*  7*/3  ,*avx  7623  **a  7944  m. -794 S'  ;CX-^ 

I s 

30  Aci7  <**r  7W  *>*•  799 7 **r?  7993  *«*  7999  CA  -vW 

3o^c77  7?52  -wso  79S7  fxt  79&Z'  ***•  77**3  c£>  ^ 243 

: [ * i 

W*/3S9  2$  Dec  77  w 7^  ***  7£*3"  *5S  7?3£  <54  7737  CC~  2S3 


I ! I 1 | 

'J)&21  3ffVa.ll  *w  79*3  ***  79*9  f*v  2*75”  «**  3<r7<*  \ct>-25le 

! i 

\p£399  39  Vail  *ui  3073  **»*•  V^3  gdtt-  Ct  —VJtoO 

I 

$>5344  39  Van  foM*  ***  3o93  **7  3o34  »**  gets  icP  -JW 

\pS993  39  Vail  ax?  3o3U  *J7o  8orr  *27/  go33  a*?*-  3639  C6  -2(>3 

1 

'459*19  39  Vail  0*73  30 90  J«*  9090  Mvr9*97  m*  9393  CM  ’J-273 

34 ?33  39  Veen  *W7  9399  **7*  9^00  axrt  9*9°^  ***°  9*9°**  CX  “ 27 h 

| 

-04933  Zo  Jtecil  ***(  94°&  *m>9V°4  fzn  94a5  *■**?  9¥& f c j*  - 3<$  o 

'J32J.O  39  V ecu  &**'  9Ho3  **&  9^9  n*?  947 o **#  9434.  CA  - 2$l7 

'-d$99&  39  fee  n w , 99/3.  a*fo  99 f 3 *&>  9474  **^9990  \cb-23f 

1 

'/>  y3Sj  m dun  *Z9*>  9999  CC  ^393 


87 


firrr'7'  wi~ 


L0M5M?  kO'-U'SS  LOL|l  IZ 


III 


cT  76 


Lo  M £.2.0 


m 


1 .0  A | Lot*4-^  j Lo | u*  (' 
LO  P V?' 7 


I IU2S1M 


5 LokU0] 


ri/il 


ko  (o  I Oi- 


UO bio  O 


kO^IO'-j 


.obi  ok  >..ob\oV  [^k''o  L0bi.ll  ; 
o (d  1 1 ?-  L - o bi  I o ) . f » 1 -1  \ I M L 0 b i i o 
L o G>  1 i b bo  b i i 'I  Lo  b ■'■  i 


Lo  C u<f 
Lo  1 1 tO 


88 


MICROCOPY  Rt SOLUTION  I LSI  CHARI 

NATIONAL  HURT  All  Of  STANDARDS  !l,»  A 


JA  /;V//9  . P'9%*'  l or  Z.  Pftc&  A/U#>£5C  - £~J7<Jjd‘T2~ 


3&-/E zrs  Dotr&jr  &/ &o  tc  eoJ- 

J£-l#/.#..r-74.j0CT-  77  77/7/ 

...  SP._.  AST>/£7/^5>9  ^7 '*"•■'■■  1 

4PAEE> !7_-  z<£  7 ? X...  AD  9.7 


^s_  Dcs^zr  0/80  U-  002* 
-C/y/z?  _ 7^  Ocj~-  77  77/  7/ 

SP_ ASD/tTK\eSA 

*1?AF£>  7-*?£77  z.  AElo6> 


7aPo 


O'lb  7 5' 


50/=L  2r5__ 
_ Cj ¥//?  __ 

'UpApg 


7)0SZ£~  0/80  cc  003 

76  OCT'-Zl  tf*/  uni 

....  ASP/£-/S£^/? 

7-J67?  Z. 


3-OJP...  2)0368  O/80  CZ  0OV 

^C/V/8  OCT-  77  rt/?y  77/7/ 

7"  5/° AySf/t &/£?/? 

OPAPS 7-JL77  Z ^/V<£7 


o’/P 


XOZbll 

U)3m/l033S/ 

»»  # / 1 /t  / j A ^ 


X05LOO 

LOWS!  /LOOS’!!. 

319  tJWu,  9 37  6U1* 


X033J4 


K03^1 


p.JJj-/  /9  Z of  Z / ''bS/jFtf  Vvptf/rg  ~'P  7 4 0 0 FP, 


36>F  £~S  2>o£Z>£~  '■•  o/£a  £c  00F 

<2/4/4  * 76  &CT-  77  ///?/  77/7/ 

~T  5P  A SP/F7/PS/? 

7~*t>7?  Z B//90 


t035£8 


7dP0 


3 OF  FS>  DdS6£7  O/B>0  CL  <006 
C/4/4  76  OCT -77  H7//  7*7/7/ 

7"  SP  45l>/£7/£54 
h/pFFS  7- 3677  Z BP  VP 


3d  F FS  DoS&P  6/g<0  /C  007 

C/4//?  76  <OCt-  77  M. 4/  77/7/ 

SF  /?  50/  /rt/jrs/? 

h/PfiFB  7-26  7?  Z-  BP  4? 


Xd30  'll 


%m£>7 


■A£  / V / ' £)  ' pFje  1 OF  _L  Ph  '6/£7i  PomUFe.  - JT7700  s~X, 


^5  Do6Z>£~  o/bo  CO  c&L 

Ac  /V//JL.  76  7707-  76  Se?..  77/77- 

...  S P. Asd/fffs/?  A'/ 

'7A/)A73 7-069?  Z Ai/9 

acs3  776 ?o  am, 

X051ZI 

X 

Z0£ L _ £~5 7>ast/r  o/Bo  to  00Z. 

pACW .76  J2&/-76  Sep  77/77- 

....  SP /?SZ>/£?/*S4 

_ 7-Z£>97  2.  AZ62- 

/5C53  3"6?'7I 

1 

- ■ ■■■  

• 1 

3oF 
Ac/  v//? 

£P  .._ 

<7PAP&  . 


PaStF'  O/£0  6f  003 
76  7700-  76  SfP  77/72. 
ASP/F7SF57 

...  7-77799  7.  A 2.6, 3 


X ^ WI 


&/&0S  l 1 'Pto&U  'i  a/Ua 

LoP  SS  Dost  S'  o/so  tl  ool 

C /30S~ • 7t  tCT  ~ 77  tUy  77/7/ 

S R . ASP/ ir/JjrS/?  )' 

4PAFB  7-^7?  2*  4^66 

<?C5  5 7^  r-f/KY 

1 

'1A&?  - S' 7 </00  ST2- 

;i 

X63<10Z 

/F5  POSTS'  O/SO  U,  OOZ* 
C/3oS~  7t  OCT- 71  *10/  77/7/ 

SP  ASP/jfMSS/? 

*IPAFB  7-J10  7?  Z.  /4P3/ 

ocs  3 ioy  77, 

MW 

ZOS  STS  Posts'  O/SO  IS  003 

C-/3o£"  7&>  Oct-77  rfAy  17/ n 

SP  /)Sp/£7/£~S9 

UpppB  7-26, 71  Z-  A 01/ 

OCS  3 70 fO  .it  3^0 

1] 

Z03P+ 

* 

7.0/2  ^3  z>6&&£'  o/S0  //  <pe>Y 

C/So/T  ?/,  OCT-  71  /%/  77/7/ 

T SP  # sD/ATVttsP 

VP/fFB  7- -76.7  7 z ersy- 

OCS3  7of<r  /:).'>  V) 

UW6 

i 

t 


r 


92 


AC/30£m'"fhge  i or  1 fieot  L& t A/ttwa&e  = twos’*. 


I'OjP.  B'S  . D 0 6 b B"  O/Bo  &C  00I. 


-. -AC/3 0£~76  J7c//  - 76  S*?? 77/72. 

$P ASl>/£7/£S/9  CV  3 

Vffl&S 7?27al  z AZ1<+ 

-0CS3 70JPO oynie 


M396& 

L?1  m'  /LOi/t.^y 


l6£L-^S  Vos&E  o/Go  U,  <eaz 

Mi  {3o£-  76  7ZC7-  -76  S*7=  77/72. 

_ SR. ASP/i f 

VfflRi 3 7-7 7oJ.  Z.  AZXo 

PCS  3 70 fa  / -r/;l3 


A (3ffi7 

L 7 Jf  / :2  -{/ 


C loot  /<-  ) 


IdOTS 

1*3996 

IW?9  J 
lfS999 
145*77 


V’tV  T\C  c. \x))tl1^ 

3(°cn7 
51  octT7 
^iocttt 
3|oct77 
( hlotf  T7 


i<»5a?7  j i OT7 
^ ] i on 
u>s?w , 1 1 on 

i 

l?WS~,  i Or? 

I 

If 39 ft  i lOri 
If  9379  jl077 
ipSWXlah  m 

II 

#?«?//  k»krr 

| 

ls>Mt9  > 2 on 

M 

IP f 399  jzOT? 
IP  599?  j Z O 17 
/0#y$~JZ*»ovT7 
iDlW&h*  k/o/77 
JLJMLTX 


It)  I L.  tStf 

7796 

77*9 

7ft) 7 

7m 

7f)7 

7M 

77AS 

7fA— 

7/33 

7/37 

7f9/ 

I 

7/77 
| 77*7 
!:  7/*Z 
! 7f6o 

f 7763 

\ 

| mi 

| 7176 
| 773! 


/'))/-  A'X' 

//)  t l_  A/s7_, 

/fUL  /l7/CL 

’ucTTTdT? 
j'KIf  UR 

7791 

77M 

7703 

C*A  - 12  f 

7fir 

77)6 

7707 

e&  ~P3> 

7fo? 

77// 

7f/z, 

C<t-736 

77/9  j 

7//5" 

77/6 

\ 

d>-  lYo 

77/7  \ 

77/1 

77<*o 

ce -*99 

77M  j 

1 77A3 

\ 77*9 

CF  ~A*/f 

77*6 

i 7/// 

j 

: 77*9 

ce  ~ 

7f2a 

i 773  J- 

1 

i 773%. 

CH  -25lo 

7/3Y  I 

1 7735 

| 

\ 7736 

CA  - A*0 

7/3/ 

7739  \ 

| 7770 

CS  - 41 >f 

777)- 

| 777<r  1 

7776 

j 

CC-  XS 

! 7/4? 

7752 

CP - iqi* 

77?% 

j 7753 

7/*y 

cr-  J76 

77S7 

| ?7& 

77SJ 

eF  - 

776/ 

! m3 

7769  . 

Qb-J/f 

7766 

1 7767 

9767 

cu-  an 

7/7/ 

| 7/72- 

j 7779 

CA  - & A 

7/77 

] 7/7? 

I 7/70 

Cg-  196 

1$?%^ 

1 7/73 

\ 7 7*9 

CC  - 3oo 

C i"6o  t ( TuU  - St-^76) 


-V\  L>\  lh' ’f  :/,/!•/  u I ).  ! > L //< 


">‘L  Me  I T/>  I L M<L 


>sm 

15&1 


7//S~ 

7/90 

7/9/ 

97/t 

9//r 

9999 


7///  77/9  Ob 

7/9  I,  7/93  Ce  -&/ 


■7/96 

//•jo 


7/97 


- 3u 


9/10  OG-  3/i 


9//3  9*'¥  CH  - 3ao 

9/17  9990  C/9  - jjy 

— — CB  -3at 


( Tta 
L/  A/a 


CbM?/Lmrt> 


C / V/ A (ju^-St-p-74, ) 


*•/  M\  ii&Jj  ^ 1A  K U_L-'  1 L U -/A  ' L ,</< ' 

Losz99  jr  a/ov m tool 

Lo53^^  s /fam  ooos 

L05752  p~a/o\/ii  j 0009 

Lo5999  5-A/o\S11  | oo/Z 
/ ! 

U>  12HS  s dovll  o o/f 

I 

Lo399(*  jrM>Z  11  oo*  3 
Lfit/BS*!  GaIVII  oot-7 
LoS* 2/7  5 //6v77  tf/2/ 

Los  *99  7 A^i/  77  0 /33 

LDS3*/*/  7 rf0\/77  ot*/t 

LoS/V*  7 /VW  7 7 0Z-/6 

Lo  S9*(9  q Ajovm  o /5“o 
L>  3W  7 //W  77  o/SS“ 

/J>3996  7 77  0/57 

M351  7 //*/  77 

105**7  7 //*/  77  C/7Z 

105291  y/JoV  77  4/7/ 

L>S359  $fl/cV17  0(2% 

LQ.SJW  2_2/o3L77  °/yl- 


0>/±  A\ 

ooo  2. 
0 000 
OQ/O 


4 0*0 
00*7 
oo%9 
o/*9 

0/3* 
o/*/  2- 


* ••  « *■  A— ■ 

4**3 

0007 

OO-Ll 


00  /S'  00/7 


007-1 

0 ox5“ 
0030 
o/3o 

0/39 

o/VZ 

o/yf 


,.  , ,/  ~,  PtJwf  tc  (i  TLl 
/d\ L—  //A  .Ck{ j_P _H R , 

ooo* / cs-  O 
ooof  cs  - V 
C6  ~ 8 
oo/2  c/7  - IL 
OOX%  CA  - /£ 

04^  C£  - 

4><?3  -L  c c — zy 

0/37-  CD  - 2? 

0/y * cr  - 32. 
o/yi"  cf  ~ itc 
*'/?  C6  - Vo 


o/r/ 

o/S~3 

a,sy 

C/4  - 

yy 

o/sz> 

0/5*7 

o/S7 

CA  - 

yr 

0/0  0 

0/0/ 

o/ty 

C/6  - 

32.. 

0/00 

1 

0/70 

0/7/ 

CC  - 

56 

a/73  ' 

0/76 

i 

«/77 

CD- 

&> 

on\ ? 

<y/o 

offt 

C/fiT  - 

<*y 

o//S 
oun  H 

o//V 

o/9o 

O/fS" 

0/9/ 

|o/r- 
C6  _ 

6/ 

7/- 

— t - 

A'.i/tstAj  I'UMl  ( Vi  miu 

/aiL  //V 

7>r  / /_  //.<’ 

7*> L .('»•' 

)/)/L  A.AaA 

I KK  UV-t>  7- 

1 

mi  ; 

i 

8 Afo/77  ! 

o/9>- 

l 

otiz 

1 

0/94 

1 

o/97 

Ctf  - 76 

3SVS 

q *Mi7  \ 

<3/9/  1 

0200 

020/  j 

02oS~  « 

CA  - /* 

}99i 

9 M 77  j 

03lo6> 

0207 

020/ 

4«*/£ 

CB  - ,i 

V35"9 

7/^7? 

02/^ 

02*1 

0X2  3 

*;uy  j 

CC  ~ S3 

sm  • 

j 

1 4/211 

0226" 

022(0 

0227 

022/ 

CO  * 72. 

/0At></77 

| 

02*1 

0230 

023/ 

4231 L 

Cr-  1L 

'>53*W 

/t>  /fa/ 77  | 

j 

02  3$ 

0237 

0236""  ! 

! 

023/, 

CP  - /*© 

*ev/t 

/*  /t£/  77  ' 

1 

0*27 

023/ 

023? 

es>Ve> 

i 

C6  -10*/ 

>SW1  | 

/ o A/oV7 7 j 

02Y+ 

*2Vl* 

0*V3 

o*YY 

\ 

C/4  - 46/ 

j 

■>ws- 1 

Jt  /AVI'!  j 

ozvtT 

o2*/0 

o*V7 

02VS 

\CA  - //£ 

>i??6 

/(  A/oVI/  : 

02*/ 1 

02So 

0237 

02SX 

lea-  //4 

W3S? 

//  77 

\ 

026 y 

0256"“ 

02/St, 

cc  - a© 

352/7 

//  /t/6v  77 

j <^7 

63SS 

oXSy 

02/dO 

cD- 

osrxtf 

/A  Afr  77 

1 0*6/ 

0*62. 

02/3 

02/*/ 

Cf- 

. 05347 

/*  77 

QMS' 

1 oMi 

1 

027/ 

0276"" 

- /5z- 

. >$7# 

/#*  77 

027/, 

1 

' 0277 

f 

0*7/ 

02/0 

C6  - /34 

. s.5?y? 

/iA/«/77 

1 

j ^>6*/ 

1 

1 

i 05 /Y 

1 

06/6 

05/ 7 

C/4-  /Vo 

■ 

/V/*4k'  77 

! 0/20 

\ 

0/2/ 

0/22- 

CA  - //y 

' (>f/Jrf  77 

| d<j;?3 

j 0U5„ 

v 05*(o^3 

at*  7 

c&~  //ft 

jj 


/ /Jo/tj/it  Rj. 

lptf3Y9 

OA  \ L CKt  Mil) 

/V  fi/ov  77 

A«  / ' //A  - 

0688 

/■)/.'  .1  A 

0632- 

] A//Z  A/C 
! 

M/l  Y/A\ 

at  3S~ 

pdck;  u.tt'b  •+- 
5ki|“  KIR. 

oc  ~/crz 

ifisarj 

/V  /i/^77 

0631 

0637 

CO - jf6 

LpSP-99 

069° 

0697- 

0695~ 

ct~-  /6c 

/0S399 

IH  NoV77 

0 696 

0691 

1 

o699 

CF  - /69 

L06l4f  MoV  77 

0i£~0 

0657- 

I <^i"3 

*7  l5~ 

C 6 - /&* 

LOS999 

14  K16V77 

£77 i 

8771 

1 

! -2-77/ 

1 

277? 

cF  - /7* 

LolWs- 

15  NloV  77 

Yt>/o 

VC.// 

i 

! Yl'T- 

y</3 

c*  - /76 

Ip3996  \ 15  kU  77  1 96/6^ 

I 

U>93F1  ! 15  /s/oV77  I 963  o 

| | 

Lp^y  1 15  K/ov  77  j ytrL 
LoSXff  1 15  k!ov77; 
U>S399  I 15  KloV  77  ! 

' i 

LoS998  ' 15  kI»v77  j £/*-<£ 

i 

Lo^l  1 5 a/«v  77  I 
LPVZyf  \5M#v  77 
U>399&  \S  Mov77  6/67 
Lpy3S9  : 15  Ajav77 
LPfJfy  16  Mv  7?  U9S~ 

/.*&99  6Xo3 


96/7 

9*3/ 

SZ/7 

27a6(* 


Vu-i 

YU3 

J&/S 

s~a&7 


yixf 

YiVV 

S>P-o 

S26J 


SH72-  j .$7*73 

j 

^/J7  6/99 

I 

&//Y 

i/19  \ w 

&/S7  i/?3 

l>m  [ U9? 
6%o9  1 6%°f 

981 


£>/&7 

6/75 

099 

(s>u>9 


C3  - //0 
CC  - /Jty 
CP-  //J 

CiT-  /?2 


52-7J  CF  - f% 
6/35  C6  - TPc 
C/S^  c//~ 


. e£-  «*/; 

) 

or-  <*/< 

<?£  - ;?-*< 

I 

cr  - ^ 


y tfmeits  iti/L  (h/iu  v 

LST377  JS’dvTl 

"/ML  MK 

7°/7 

1 />»  //.  M 

1 /*/£ 

>*978  /i'AtoVTI 

799*" 

7774 

>*979  /s'*/*  77 

7979 

. 7f^ 

>5/Vi"  /b  /U/77 

19*2 

; 77^y 

1 

■399*  /b/bvll 

79*7 

| 79*t 

>V357  /bAbvn  , 

J 

to  7b 

to  7? 

j 

tagl 

8037. 

/7/^/77 

tots' 

\ Soft, 

1 

'&W  11  tJrt  77 

8*!9 

i 

i 8090 

>S?Yf  ti  aA\ZTJ 

9399 

97*0 

isitf  / 7 11 

97>3 

; 9Yo7 

7 53/*T  174/0*77 

97ot 

\ ?¥*? 

17  At/ 77 

97/i-  . 

| 97/2 

1>&J7  77/4/*  ✓ 77 

9999 

\ 

1 

7mL  A/{‘ 

?OA? 

! ’/ML  7/f 

j 7?/y 

ItL'C  k u it  D *- 
SK  Ip  MR, 

1 CP  -ZM 

7977 

7?Y? 

C6  -Z1Z 

79*1 

79SZ. 

i 04  - &L 

79*3' 

79SZ 

\ 

CA  - ZYo 

7939 

Xo7*~ 

\ 

cfi-  zYi 

to  7 9 

fofo 

CC-  Mi 

toil, 

&?*/ 

C0-  A5~Z 

tot7 

fort 

QF-ZST, 

9397 

9s?f 

i cf  - 

?7oL 

9Y*2~ 

C6  -A4V 

9Y«*' 

?yat> 

C//-ZLS 

9770 

?/// 

CA  ~ ZTL 

97/7 

mo 

c&  - 3-76 

C*&-  ,2/0 

CHI/?  (Tuti-Strr  76\ 

j I 

/ f j /Jm  7 7 


l 


■ 


T riuHtlK 

LOSSES- 

UME  CVLA  lt-0 

/£-  pec  11 

1 

MIL 

01 

A/A- 

olfl" 

'IAIL 

02. 

AM’. 

OlfCr 

7 A/L  A/A'. 

03  0191 

"/A/L  a/5. 

01  0190 

/'  • A i/ot'O  / 

Skip  /jk 

CA  - 0 

JboSWS- 

/6  Pec  ll 

US'  ol  9? 

M& 

051)0 

07  OSo/L 

05  o5b* 

CA 

- H 

1039% 

/kDecil 

09 

ofcZ 

0/0  oszy 

0/f  057o 

0/7.  oSlTL 

ce 

- / 

LoftS*? 

/(o  Pet  77 

0/3 

0513 

0/f 

OSll 

0/s~  o57S~ 

f/'.  05/7 

cc 

- u. 

U>5P?7 

/(,  Pec  71 

i 

e/1 

05/f 

0/e 

0S/9 

0/f  0540 

0*o  05*5. 

C D 

- He 

L0&91 

/i  Pecll 

02/ 

0545 

0X1.  0SA*7 

0X3  05*5" 

02V  o5*(f 

Ct~ 

- Co 

LOS3M 

/(,  Pecil 

0x5 

05*7 

0x6 

05*9 

027  0530 

0jf  oS3/ 

CF 

- *i 

los^a 

H>  &C71 

653 Z. 

0Jo 

0533 

03/  0531 

03x.  0535" 

ce 

~ It 

He  Oecii 

*33 

0537 

031 

oS3? 

03S~  0539 

036  05/0 

c/t 

- 3* 

!#*/ ft 3 

H>  Pec  77 

057 

051/. 

030 

0512. 

039  0513 

0Vo  0511 

CT 

- 3& 

10*128 

/to  P£C71 

0o// 

0511 

00> 

0550 

003  05 SI 

011  0551 

cJ" 

- Ho 

LOUIS' 

!U  Pecil 

0#r 

0553 

016, 

0551 

0/7  0555 

\ 

010  o55L> 

CA 

- Hi 

1031% 

/f>  Cecil 

019 

ossy 

0& 

0559 

05/  OSLO 

0S±  056  L 

c a 

- // 

Lo*3S9 

Ho  Cecil 

055 

o3>Jl 

1 

#rv 

osty 

055  056  5 

\ 

051  0566 

cc 

~ 5P\ 

toS387 

H>  Cecil  057 

cs%>7 

000 

055? 

0Sf  05f>9 

06o  o57o 

CJ> 

- S&> 

LoS*97 

H Pec  77 

06/ 

057/ 

06* 

057* 

063  05-1 

061  0931 . 

Ct~ 

- 60 

Lo&HH 

/UPecll 

065 

0935 

0U 

o?3C> 

0*7  0937 

067  093 f 

CF 

- W 

LoSJ*8 

76  Pec  77 

0t>9 

07o 

Oflo 

07/  Ofl/ 

073  Ofl * 

CCj 

- u 

U/59H9 

K,  Dec  77  *n 

of  13 

07* 

ofn 

075  oils'  073  0916 

c/t 

- 7Z* 

100  I 


-ft 


■ £' A/t//.'gtK  Jij/2  (XiAU-H  I /A/L  //#.  ~fr,£  Xi\ 

UVJ33  \/L  Ike  77  #77  0947  #71  oji/g 
L-0//93#  /(,  pee  77  0pf  o^s’L  #12.  ov-l 
/oSSiS’  /J  Dec  77  MIS  /Mo  MIL  /Ml 
U3996  17  Pec77  M/9  /*</  #90  /MS’ 
U/3S7  n JteTl  m UiS  *W  M? 
J-0&&7  /7 Dezi7  M97  U72-  W /n?3 

I ' 

li>s^99  a or  77  M/of  //7i  #/*±-  //// 
Lo&w  n Pee  17* /'S’  U9/  wz, 
LoS'i'/S  /7  fi/c  77  M/09  U9S~  *//o  M9S 
H CteTJ  #//3  H*H  #//#  lift* 
'j0*/933  nPecn  M/n  /7/1  M/ff  mo 
I7Dec.11  m/v  179$  M/zi-  1797 
o 3f/s~  /9&C77  m/xjt  nn  */*  /so/ 

3397L  Ac  77  0/A9  /# do  M/3o  / S07 
f>*/3&/  /f  Ac  77  fi/33  //to  M/ii  //// 
0SA37  /f  Deci7  M/37  /f/7  ***  //// 
*&9?  /fSlFC77  fitys  //*/  im>  /JU* 
05 3yy  /f&c77  fit  vs'  //XT  fi/<tc  /S/do 
OS*)*/#  //ikC  77  M/99  /S*9  M/so  /flo 


i /ML  A/A‘. 

'off 


1 


/Ati.  A/a\ 

A Vo  ojSZf 


uun  u-i  i 
>'n-  MR 

Cl  -% 


MIS  0-S 3 
MS?  /Mi* 
MW  /ML 
MfS'  M70 

#99  /&/ 
fi/oi  /2S9 
M/07  /Z9l 
#„/  /29S 
*/,f  /1S7 
m//9  m/ 

M/*3  /7?S~ 

fi/3.7  /So  3 


■ fSV  USi 

Mil 

| 

/Ml 

#9x- 

1 

/M7 

j 

i 

U7/ 

1 

M/00 

M7S 

M/oV 

| 

M9o 

1 

l 

M/of 

I 

/XW 

M//X-  /SS9 

WfiC 

i 

nss 

1 

jJvOo 

/ru- 

1 

Mf*V 

ms 

i 

j M/as 

/soi 

C7  -So 

ca  -n 
C6  -SS 
cc  -72. 

CO  - % 

Ct~  —/So 
C F - /oo/ 
C6  - fof 
CM  ~//2- 
ex  -//L 
C T — tko 
CA  ~ /Si 
CB  - US 
cc  ~/3x. 
co  -/iC 
or-  tyo 


*w  /fog  \ *,&.  /!<*} 

1 

I 

fi/3S"  /S/Si  | */3L  /S/L 
M/39  /S/9  M/Vo  /Mo 

I 

#/93  /sm  fityv  /s*i 


fi/91  /S*1  f/f9i  /sxs  cf  - /yy 
fi/s?  /SIX-  fifSr  //&  CO  - /vs 


: 1 


101 


i //uft/L  £ | i*\Tt  CwMlG) 

Lo&vr:/?*c77 


;a/L  A A ’ 

ff/sz  //?y 


f/j/L  A/ /A. 

/?is~ 


f/ry 


LoW3£  ,/?Afc77  \/C/  tfW 

i 

Lo38*/&  aooec  77  */tjr  /til  p/u  //So 

i i 

IP  399^  ; aovecn  m ,tsir  #na>  //sz 

Lo^3S7  Ao  Pec  17  *,n  /8SJ  #/7y  /Ho 

[ 

U>&*7  AOPEC77  ft/77  /Hi  #/7f  ffte 

10&99  ZoOecrj  p/pf  JS5J  ,*//>  J&O 
/p53/y  OpDec  77 

LP&fH*  AO  Dec  71  #jn  J3L7  #/?*  P3L2 

I 

/pSiii  Z*>  DSC  77  ^ «?37/  U^y 

• i 

U>y?33  lete £77  ^/?7  457?  i*yw  <580 

LOWS?  2.0  oec,n  (>£83  p^9X.  %8o 

| 

LoSXiS  At  Pec  11  tear  1%$  \ *2*7  77*7 

I I I 

L/>39it>  A/  PecTJ  #2*7  77*9  |JtaA*  777?  !/<*'/  777/  |/«i/a-  7773 


~)/)/L  AT. 

e/sir  /g% 

TP /Si  A/T. 

P/st  /H7 

P/S*}  /s*f> 

P/io  I/Y3 

*/*3  //V7 

ft/ty  //Y/ 

#/t>7  //S7 

p/tf  //SI 

P/7S  /f*7 

P/72-  //S’/ 

Stas'  /Hi- 

ft/7t  /H3 

p/7l  1-  Vm 

P/Skt  *35# 

P/S3  13U 

p/yy  A3&2-. 

. 

#/f?  AMS 

p/es  *364, 

#/<?/  <2&? 

*//x-  J376 

#/9<r  A373 

Ps/6>  6S66 

p/99  (s58f 

<£?««*  (oS/Z. 

1*2*3  7/// 

p*y  77*i 

\*2*7  77*7 

P/Lfif  lit# 

. 

iX-CN  UGl  Q ^ 

cKtp/ve. 

| CH  - I SI 

CX  - /5~*> 

cT  - Ho 


CC  - 171 
[co—  (7L 
Cf  — //a 
CF-  /7V 

ce  - W 
£//-  /?£ 
or-  ik 
c T-  Aoo 
CA  “ <2*V 
c5-  M 
oo-  4/4 

Oi>-  a/6 


U>73sy  A/  Dec  n te?  777/-  W 7777  j 777*  #*st  7777 

/j?  S287  Df  Pet  77  0*n  7 ^81  778 A *2s?  77/3  P**°  77// 

l : | | 

/J>SX97  At  Dec  77  fim,  l?f5~  xUxt-  77 H fm  77/7  te*y  77/8  Jof"—  Mo 

Lo&ii  AJ  Ore  77  tezs  mo  ,****  771  / P227  77^^.^/  7793  GF-  Mi 


102 


4 


Chapter  9 

MAINTENANCE  EXPERIENCE  DATA  (AFM  6G-1) 


5-1.  PURPOSE.  The  purpose  of  this  chapt*;*  i»  u> 
outline  the  Maintenance  Data  Collection  ( M DC ) 
system  established  by.AFR  66-14  and  AFM  66-1. 
The  MDC  is  the  primary  source  for  Air  Force 
reliability  and  maintainability  data;  therefore,  basic 
understanding  of  its  objectives,  uses,  and  limitations 
is  essentia!  to  R & M data  users. 

9-2.  OBJECTIVES.  The  Maintenance  uata  Collec- 
tion system  was  designed  primarily  as  a base  level 
production  credit  and  management  information  sys- 
tem. The  objectives  are  to  provide  maintenance 
managers  with  information  about  the  production 
accomplished  by  the  assigned  maintenance  per- 
sonnel; and  to  identify  the  equipment  on  which 
work  was  accomplished,  why  the  work  was  required, 
and  the  action  required  to  complete  the  job.  The 
MDC  system  identifies  maintenance  requirements 
and  problem  areas  so  that  appropriate  management 
action  can  bo  taken  to  effectively  support  and  meet 
the  established  operational  requirements.  In  addi- 
tion, the  MDC  system  is  designed  to  provide  data 
to  AFI.C  for  maintenance  engineering  and  logistics 
management.  Selected  data  is  also  provided  to  the 
major  commands  and  HQ  USAF  in  accordance  with 
AFMs  66-267  and  66-271. 

9—3.  SCOPE.  The  MDC  system  is  applicable  to  all 
functions  outlined  in  AFM  66-1,  and  requires  that 
all  maintenance  actions  involving  direct  labor  ex- 
penditures he  recorded  and  reported  in  this  system 
unless  exempted  by  TO  00-20-2.  The  system  is  ap- 
plicable to  the  life  cycle  of  aircraft,  missiles,  ground 
communications,  electronics,  and  meteorological 
equipment,  and  related  end  items  beginning  with 
operational  test  and  evaluation  as  described  in  AFR 
80-14.  This  includes  compatible  data  reporting  on 
contractor  maintained  equipment  and  maintenance 
accomplished  in  depot  facilities. 

9-4.  DOCUMENTATION  CONCEPT.  The  AFTO 
Forms  .746,  2-19,  and  350  are  used  as  source  docu- 
ments for  the  maintenance  data  collection  system. 

a.  Recording  Concept  procedures  are  divided  into 
two  basic  categories  identified  as  on-equipment  and 
off-equipment  maintenance  documentation. 

(1)  Maintenance  actions  accomplished  on  com- 
plete end  items  of  equipment  (aircraft,  missiles, 
removed  engines,  ground  communications-elertronies- 
meteurological  (CF.M),  trainers,  Aerospace  Ground 
Equipment  (AGE)  and  nuclear  weapons)  are  identi- 
fied as  on-equipment  work.  This  primarily  consists 
of  support  general  tasks,  inspections,  removal  and 
replacement  of  components,  fix-in-place  maintenance 
actions,  and  modifications. 

(2)  In-shop  maintenance  actions  involving  inter- 
mediate level  maintenance  on  removed  components 
is  identified  as  off-equipment  maintenance.  This 
primarily  consists  of  h<mrh  check,  repair  or  modifica- 
tion of  components  and  assemblies,  and  nondestruc- 
tive inspection. 


(3)  If  maintenance  is  done  on  components  that 
are  removed  or  removed  and  replaced  to  facilitate 
maintenance  in  the  same  room  or  one  immediately 
adjacent  to  the  end  item;  this  is  recorded  as  on- 
equipment  maintenance.  If  the  individual  that  re- 
moved the  component  has  to  leave  the  immediate 
area  (defined  as  out-of-sight),  an  AFTO  Form  350 
will  be  prepared  to  identify  the  status  of  the  re- 
moved component.  In  this  regard,  when  personnel 
from  one  workcenter  remove  an  item  and  send  it  to 
personnel  with  a different  workcenter  code  for 
maintenance,  the  latter  workcenter  will  record  it  as 
off-equipment  maintenance. 

(4)  Due  to  management  requirements,  unique 
procedures  exist  for  engines.  All  maintenance  ac- 
complished on  gas  turbine  and  reciprocating  engines 
installed  in  aircraft,  missiles,  or  AGE  will  he 
recorded  as  on-equipment  maintenance.  Removal  and 
replacement  of  gas  turbine  and  reciprocating  engines 
for  aircraft,  missiles,  or  AGE  will  he  recorded  as 
on-equipment  maintenance  with  the  engine  treated 
as  a component.  Shop  work  on  all  removed  gas  tur- 
bine engines  and  aircraft  reciprocating  engines  will 
he  treated  as  end  item  maintenance  with  on-equip- 
ment and  off-equipment  recording  concepts  apply  ing. 
(TO  00-20-2-4).  Shop  work  on  reciprocating  en- 
gines removed  from  AGE  will  be  treated  as  com- 
ponent maintenance  and  the  off-equipment  mainte- 
nance concept  will  apply. 

(5)  Each  workcenter  participating  in  a job  will 
record  maintenance  actions  and  labor  expenditures. 
The  documentation  responsibility  rests  with  the 
senior  representative  from  the  workcenter.  These 
documents  will  he  returned  to  the  wporkcenter  super- 
visor who  will  check  for  accuracy  and  completeness 
prior  to  submission  for  processing. 

b.  Data  Forms; 

(1)  Use  of  the  AFTO  Form  349.  The  AFTO 
Form  349,  "Maintenance  Data  Collection  Record." 
was  designed  with  sufficient  flexibility  for  use  by  the 
majority  of  organizations  in  recording  maintenance 
actions  on  various  types  of  equipment.  Recording 
and  data  collection  procedures  pertaining  to  this 
form  are  outlined  in  the  00-2(k-2-series  technical 
orders. 

(a)  For  on-equipment  work  the  primary- 
entries  required  on  the  AFTO  Form  319  are  block  1 
(Job  Control  Number),  block  2 (Workcenter).  block 
3 (ID  Number),  block  6 (Time,  as  applicable),  and 
columns  B through  K.  For  in-shop  engine  work, 
primary  entries  are  required  in  blocks  1 and  2. 
block  3 (Engine  ID)  and  in  columns  B through  K. 
For  off-equipment  work  on  removed  components, 
primary  entries  are  required  in  blocks  1.  2,  and 
block  3 or  5;  block  19  (Federal  Supply  Class 
(FSC)),  block  20  (Part  Number),  and  columns  B 
through  K. 

(b)  Up  to  five  relaten  on-equipment  mainte- 
nance actions  covered  hv  a single  job  control  number 
against  a single  ID  number,  and  accomplished  by  a 
single  workcenter  may  be  reported  on  a single  copy 
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of  the  AFTO  Form  349.  If  more  action  lines  are 
required,  another  AFTO  Form  349  containing  the 
same  job  control  number,  ID  number  and  workcenter 
code  is  completed  and  the  actions  continued.  This 
recording  procedure  also  applies  to  off-equipment 
actions;  however,  oneqmpment  and  otT-equipment 
actions  will  not  be  combined  on  a single  copy  of  the 
AFTO  Form  349.  The  four  items  could  be  reported 
by  a single  line  entry  if  the  job  control  number,  work 
unit,  action  taken,  how  malfunctioned  and  when 
discovered -codes  are  all  the  same  and  a unit  count 
of  four  is  entered.  Similarly  the  AFTO  Forms  350 
prepared  for  shop  processing  of  the  four  black  boxes 
may  reflect  a quantity  of  more  than  one  only  if  the 
job  control  number,  work  unit  code,  federal  supply 
class  and  part  number  are  the  same.  If  these  ele- 
ments are  different,  a separate  AFTO  Form  S50 
must  be  prepared  for  each  item.  Serially  controlled 
and  time  change  items  (with  an  asterisk  in  the  work 
unit  code  manual)  must  be  recorded  on  an  individual 
basis,  (for  example,  only  one  item  per  AFTO  Forms 
349  and  350). 

(c)  The  AFTO  Form  349  can  be  used  for 
identification  of  both  the  end  item  of  equipment  and 
a component  for  engine  change  actions,  for  weapon 
systems  and  equipment  that  are  managed  under  the 
Advanced  Configuration  Management  System 
(ACMS),  for  time  change  items,  for  special  report- 
ing on  tires,  and  for  reporting  off-equipment  mainte- 
nance actions 

(2)  Use  of  the  AFTO  Form  350.  The  AFTO 
Form  350,  "Reparable  Item  Processing  Tag,”  is  a 
two-part  perforated  form  that  is  attached  to  com- 
ponents that  are  removed  from  equipment  end  items 
and  serves  as  an  identification  and  status  tag.  An- 
other important  aspect  of  this  form  is  that  it  serves 
as  a source  document  pertaining  to  Repaired  This 
Station  (RTS),  Not  Repaired  This  Station  (NUTS), 
and  condemnation  actions  for  the  supply  system. 
This  information  is  input  to  the  base  supply  com- 
puter to  identify  stockage  requirements.  Information 
pertaining  to  RTS,  NRTS,  and  condemnations  is  also 
forwarded  through  the  supply  system  to  AFLC  as 
factors  for  computing  the  world-wide  spares  re- 
quirements. Recording  procedures  for  the  AFTO 
Form  350  are  outlined  in  the  00-20-2-series  technical 
orders. 

(3)  Use  of  the  AFTO  Form  346,  “Maintenance 
Data  Collection  Production  and  Scheduling  Record." 
The  AFTO  Form  346  is  used  for  scheduling  the 
calibration  of  Precision  Measuring  F.quipment 
(PMF)  and  for  recording  all  maintenance  on  preci- 
sion measurement  equipment  for  input  to  the  MDC 
system.  The  AFTO  Form  346  may  also  he  used 
for  scheduling  calendar  maintenance  requirements 
on  any  equipment  within  the  maintenance  complex. 
Note  that  this  pertains  only  to  calendar  require- 
ments. Scheduling  procedures  pertaining  to  the 
AFTO  Form  346  are  outlined  in  AFR  66-267.  Main- 
tenance recording  procedures  for  the  AFTO  Form 
346  on  PME  are  outlined  in  TO  00-20-10-6 

e.  Data  Elements: 

(1)  Job  Control  Number  (JCN).  The  JCN 
consists  of  seven  characters,  the  first  three  are  the 
Julian  date  and  the  last  four  are  a unique  job  number 
for  that  date.  This  provides  a means  to  tie  together 
all  on-  and  off-equipment  actions  taken,  man-hours 
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expanded,  and  parts  consumed  to  satisfy  a matnte- 
narw.p  requirement  whether  it  he  a discrepancy,  an 
inspection,  or  a Ti’TO.  Every  action  taken  that  is 
related  to  a job,  regardless  of  workcenter,  time  or 
plac  . will  carry  the  same  job  control  number  that 
was  originally  assigned  to  the  job.  This  procedure 
is  necessary  to  permit  control  of  all  related  actions, 
and  to  provide  tin*  capability  to  tic  them  together  in 
data  systems  to  identify  the  total  job  for  analysis 
purposes. 

(2)  Workcenter  Code.  The  workcenter  code 

consists  of  five  characters  that  identify  organiza- 
tional elements  to  which  maintenance  personnel  are 
assigned,  or  locations  to  which  they  may  be  dis- 
patched. Standard  workcenter  codes  are  used  by  all  ^ 

organizations  engaged  in  the  maintenance  functions 
outlined  in  AFM  Gfr-l.  In  general,  the  code  entered 

in  the  workcenter  block  of  the  AFTO  Form  349 
indicates  the  workcenter  of  the  individual  doing  the 
work  and  not  necessarily  where  the  work  is  accom- 
plished. 

(3)  Identification  (ID)  Number.  The  ID  num- 
ber consists  of  six  characters,  and  is  used  to  identify 
equipment  on  which  work  was  performed  or  from 
which  an  item  was  removed.  The  first  character  of 
the  II)  number  is  the  first  character  of  the  owning 
workcenter  code.  The  second  character  of  the  ID 
number  is  the  first  character  (prefix)  of  the  equip- 
ment classification  code  such  hs  A for  aircraft,  R 
for  Ground  Kadar  or  M for  Ground  Launched 
Missiles  (AFM  300-4,  ADE  MA-15&-XI).  The  last 
four  characters  of  the  ID  number  normally  are  the 
last  four  positions  of  the  equipment  serial  number. 

Detailed  procedures  for  assigning  ID  numbers  are 
contained  in  AFM  66-267. 

(4)  Equipment  Classification  Code.  The  equip- 
ment classification  code  consists  of  three  characters, 
and  is  assigned  to  identify  aircraft,  missiles,  ground 
communications,  electronics,  and  meteorological 
equipment,  AGE,  trainers,  engines,  ground  launched 
missile  real  property  installed  equipment,  munitions, 
and  precision  measurement  equipment.  Codes  are 
also  assigned  for  research  and  development  and 
shop  work.  Most  of  the  equipment  classification 

codes  are  assigned  to  specific  equipment  such  as  * 

LGM-30B  missiles.  Some  of  the  codes  are  assigned 
by  category  of  equipment  or  work  such  as  non- 
registered  AGE  and  shop  work  that  is  not  identified 
to  a weapon  or  support  system.  The  authorized 
equipment  classification  codes  are  contained  in  TO  r 

00-20-2. 

(5)  Type  Maintenance  Code.  The  type  mainte- 
nance code  consists  of  one  character  and  is  used  to 
identify  the  type  of  work  that  was  accomplished 
such  as  scheduled  or  unscheduled  maintenance.  Type 
maintenance  codes  are  listed  in  each  work  unit  code 
manual  for  individual  types  of  equipment.  A com- 
plete list  of  authorized  type  maintenance  codes  is 
contained  in  AFM  300-4,  volume  XI. 

(6)  Work  Unit  Code  The  work  unit  code  con- 
sists of  five  characters,  and  is  used  to  identify  the 
system,  subsystem,  and  component  on  which  mainte- 
nance is  required  or  on  which  maintenance  was  ac- 
complished. These  codes  are  published  in  work  unit 
code  manuals  for  each  weapon  and  support  system 
and  in  code  manuals  by  type  of  equipment  for  se- 
lected ground  CEM,  trainers,  AGE,  munitions,  PME, 
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and  shop  work.  A limited  number  of  work  unit  codes 
are  assigned  in  a special  category  to  identify  t risks  of 
a general  nature  such  as  equipment  servicing,  clean- 
ing, inspection,  storage,  ground  safety,  record  keep 
ing,  weapons  handling,  and  repetitive  shop  tasks. 
Although  they  are  work  unit  codes,  they  are  identi- 
fied as  "Support  General  Codes."  The  first  two  posi- 
tions of  the  work  unit  codes  for  aircraft,  ground 
ra^ar,  and  missiles  are  standard  system  codes.  They 
identify  functional  systems  such  as  flight  control 
system,  codes  antenna  system,  or  launch  control  sys- 
tem. The  first  two  positions  of  the  work  unit  codes 
for  support  equipment  identify  types  of  equipment, 
such  as  ground  powered  generators,  or  end  items 
of  equipment,  such  ns  a trainer.  The  first  position  of 
support  general  codes  begin  with  a zero;  and  this  is 
standard  in  all  work  unit  code  manuals.  The  third 
and  fourth  positions  of  the  work  unit  code  identify 
subsystem  or  major  assembly.  The  fifth  position  of 
the  work  unit  code  normally  identifioc  *»n:trable 
items. 

(7)  Units  Completed.  The  work  unit  code  in 
combination  with  an  action  taken  code  is  used  to 
describe  a "unit  of  work."  An  entry  of  one  or  more 
units  completed  must  also  be  made  in  the  UNITS 
block  of  the  data  collection  form  in  order  to  show' 
a completed  action.  An  example  of  a unit  of  work 
would  be  a work  unit  rode  for  an  antenna,  with  an 
action  takr  , code  for  removed  and  replaced,  and  a 
unit  count  of  one,  for  example,  one  antenna  removed 
and  replaced.  By  using  additional  codes  to  identify 
the  end  item,  the  type  of  maintenance  being  accom- 
plished, when  the  maintenance  requirement  was  dis- 
covered, how  the  item  malfunctioned,  and  the  time 
expended  in  accomplishing  the  work,  and  the  produc- 
tion credit  system  also  provides  information  essential 
for  maintenance  and  materiel  management. 

(8)  Action  Taken  Code.  The  action  taken  code 
consists  of  one  character  used  to  identify  the  mainte- 
nance action  that  was  taken,  such  as  remove  and 
replace.  Action  taken  codes  arc  standard  for  all 
equipment  and  are  listed  in  all  work  unit  code 
manuals.  A complete  list  of  authorized  action  taken 
codes  is  contained  in  AFM  300-4,  volume  XI. 

(9)  When  Discovered  Code.  The  when  discovered 
code  consists  of  one  character  and  is  used  to  identify 
when  a defect  or  maintenance  requirement  was  dis- 
covered, such  as  during  a quality  control  inspection. 
When  discovered  codes  are  listed  in  each  work  unit 
code  manual  for  individual  types  of  equipment.  A 
complete  list  of  authorized  when  discovered  codes  is 
contained  in  AFM  .300  4,  volume  XI.  Only  that  por- 
tion of  the  when  di<ico\  rmj  code  definition  that  ap- 
plies to  equipment  listed  in  the  work  unit  code 
manual  is  to  be  used.  For  example,  when  diseo\ercd 
code  D,  In-Flight-No  Abort/Puring  AGE  Operation, 
would  be  listed  in  the  AGE  work  unit  code  manual 
as  D,  During  AGE  Operation. 

(10)  How  Malfunctioned  Code.  The  how  mal- 
functioned code  consists  of  three  characters  and  is 
used  to  identify  how  the  equipment  malfunctioned, 
such  ns  cracked.  To  provide  maximum  utility,  these 
codes  arc  also  used  to  identify  time  compliance  tech- 
nical order  status  requirements,  or  to  show  that  a 
maintenance  action  did  not  result  from  a defect.  A 
complete  list  of  authorized  how  malfunctioned  codes 
ia  contained  in  AFM  300-4,  volume  XI,  in  both 
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alphabetical  (definition)  and  numerical  (code)  se- 
quence. Only  those  how  malfunctioned  codes  that  are 
applicable  will  be  listed  in  each  work  unit  code 
manual.  For  example,  how  malfunctioned  codes  ap- 
plicable only  to  a solid  rocket  missile  will  not  be 
listed  in  a ground  GEM  work  unit  code  manual. 

Note:  Due  to  the  nature  of  support  type  work, 
the  recording  of  action  taken,  when  disco\ered, 
and  how  malfunctioned  codes  is  not  required 
with  support  general  work  unit  codes. 

9-5.  The  foregoing  paragraphs  of  this  chapter  de- 
scribe the  MDCS  objectives  and  reporting  concept  as 
related  to  the  base  maintenance  environment.  In 
order  to  provide  A EEC  data  on  maintenance  events 
as  they  occur  worldwide,  most  of  the  data  docu- 
mented at  AF  bases  under  the  TO  00-20-2  series  are 
submitted  to  HQ  AFI.C  for  use  in  logistic  support 
and  related  engineering  decisions.  These  data  are 
received  and  processed  centrally  at  HQ  AFLC  in  the 
DOr, 6 Product  Performance  System.  This  data  sys- 
tem not  only  receives  and  output  reports  containing 
Reliability  and  Maintainability  (R  and  M)  factors 
within  its  established  computer  programs  but  also 
services  other  interfacing  data  systems  with  source 
data.  Some  of  the  interfacing  data  systems  also  out- 
put reports  containing  R and  M factors  individually 
unique  to  their  established  computer  program  con- 
trols. Figures  0-1  through  9-18  illustrate  the  data 
flow  from  point  of  origin  through  the  D056  major 
system  processes  and  to  other  interfacing  systems 
which  are  driven  by  the  same  source  data.  The  fol- 
lowing pages  of  this  chapter  explain  some  of  the 
erms  used  in  the  D056  and  samples  of  output 
eports  containing  R and  M factors;  however,  for  a 
full  understanding  of  system  capabilities  refer  to 
AFLCM  66-15  and  171-45. 

9-6.  Definitions  of  R and  M parameters  and  terms 
used  in  the  D056  data  system; 

a.  Type  How  Malfunctioned  Codes. 

(1)  Type  1 — These  codes  indicate  that  the  item 
no  longer  can  meet  the  minimum  specified  perform- 
ance requirement  due  to  its  own  internal  failure 
pattern. 

(2)  Type  2 — These  codes  indicate  that  the  item 
can  no  longer  meet  the  specified  performance  re- 
quirement due  to  some  induced  condition  and  not 
due  to  its  own  internal  failure  pattern. 

(3)  Type  6 — These  codes  indicate  maintenance 
resources  were  expended  due  to  policy,  modifications, 
items  location,  cannibalization  and  other  no  defect 
conditions  existing  at  the  time  maintenance  was 
accomplished. 

b.  Failure  occurrences.  The  computer  definition  of 
a failure  occurrence  related  to  a Work  Unit  Code  is: 
"any  Type  1 How  Malfunctioned  code  reported  in 
combination  with  an  action  taken  indicating  repair, 
adjustment  or  item  replacement  and  one  or  more 
inits  produced. 

c.  Quantify  per  Application  (QPA).  This  is  the 
luantity  of  identical  installed  items  on  a single  unit 
)(  equipment  that  are  reportable  under  the  same 
work  unit  code. 
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d.  Use  Factor  (K,).  This  is  a ratio  of  actual  use 
time  of  individual  Work  Unit  Codes  to  flying  hours. 

e.  Mean  Time  Between  Failure  Occurrence 
(MTBF). 

MTBF  = End  Item  Operating  Time*  x K,  x QPA 
Quantity  of  Failures 

•End  item  operating  time  is  determined  -•>«  r~' 
.lows : 

For  aircraft — active  aircraft  inventory  flyinw 
time  from  AFM  65-110. 

For  other  equipment — Active  inventory  flying 
time  from  AFM  65-110. 

f.  Mean  Time  Between  Maintenance  Occurrence 
(MTBM). 

MTBM  = End  Item  Operating  Time*  x QPA 

Quantity  of  Data  Maintenance  Occurrences* 
•All  types  of  actions  described  in  paragraph 
9-6a. 

g.  Action  Limit  (AL).  This  is  a form  of  failure 
limit  expressed  in  MTBF  (hours)  and  used  in  the 
computer  program  to  compare  current  failure  rates 
with  past  history  for  the  same  item. 

h.  Failure  Limit.  This  is  the  acceptable  quantity 
of  failures  of  an  item  for  a 30-day  period.  It  is  as- 
signed by  the  system  manager  and  used  in  the  com- 
puter program  t~  compare  current  period  failures 
with  past  history  for  the  same  item. 

9-7.  0036  OUTPUT  REPORTS.  Selected  reports  con- 
taining R and  M related  data  arc  identified  and  briefly 
described  in  the  following  subparagraphs. 

a.  Selected  Work  Unit  Code.  Control  Identifier, 
RCS:  LOG-MMO(AR)7IRfi.  This  report  provides 
summarized  information  on  Work  Unit  Codes  within 
a weapon  for  the  current  reporting  period  that 
breeched  either  the  Action  Limit  or  Failure  Limit; 
had  Emergency  Unsatisfactory  Materiel  Reporting; 
were  high  man-hour  consumers  or  were  high  corro- 
sion repair  man-hour  consumers.  This  report  is  used 
as  a management  reference  to  identify  items  that 
may  warrant  detail  study  and  evaluation.  Sample 
report  Figure  9-4. 

b.  Detail  Mainlenance  Actions  for  Selected  Work 
Unit  Codes,  RCS:  I.OG-MMO(AR)7l67.  This  report 
provides  one  to  twelve  months  of  "on"  equipment  in- 
formation on  Work  Unit  Codes  within  a weapon  for 
detail  studies.  It  is  available  only  on  special  inquiry 
and  can  be  limited  in  data  presentation  by  selective 
retrieval  options.  (Sample  Report  Fig.  9-5.) 

c.  Detail  Shop  Actions  for  Selected  Work  Unit 
Codes.  RCS;  LOG-MMO(AH)7l68.  This  report  is  a 
companion  report  to  paragraph  9-7b  and  provides 
detail  information  from  supporting  repair  shops  on 
reparable  items  removed  from  a weapon.  It  also 
displays  parts  replaced  during  shop  repair.  (Sample 
Report  Fig.  9-6.) 

d.  Summarized  Maintenance  Actions  for  Selected 
Work  Unit  Codes:  RCS:  LOG-MMO(AR)7l69.  This 
report  provides  the  same  type  of  information  as 
described  in  paragraphs  9-7b  and  c hut  with  lesser 
detail.  It  is  produced  when  the  Action  or  Failure 
Limit  is  breeched  and  also  by  special  inquiry  using 


selective  retrieval  routines.  (Sample  Report  Fig. 
9-7.) 

e.  Maintenance  Actions,  Man-hours  and  AborLs  by 
Work  Unit  Code,  RCS:  I.OG-M.MO(AR)7170.  This 
report  provides  six  months  of  selected  information 
by  month  on  every  reportable  Work  Unit  Code  as- 
signed to  a particular  weapon  or  equipment.  This 
information  includes  aborts,  failures,  maintenance 
actions,  MTBF-,  MTBM  and  man-hours.  Both  “on'' 
and  “olT"  equipment  data  are  considered  for  display 
in  this  report  (except  for  some  types  of  AGE, 
trainers  and  munitions).  (Sample  Report  Fig.  9-8.) 

f.  Aborts  and  Degraded  Alerts,  RCS:  LOG- 
MMO(AR)7171.  This  report  provides  current  month 
detail  information  on  Work  Unit  Codes  and  part 
numbers  causing  aborts,  mission  failures  and  de- 
graded alerts.  F'or  ground  equipment,  this  report 
identifies  items  causing  equipment  downtime.  (Sam- 
ple Report  Fig.  9-9.) 

g.  Materiel  Safety  Deficiency  Report,  RCS:  LOG- 
MM0(M)7I78.  This  report  provides  twelve  months 
of  selected  information  for  Work  Unit  Codes  appli- 
cable to  a Mission  Design  Series  aircraft  that  have 
been  reported  as  contributing  to  an  accident  or 
incident  or  have  been  the  subject  of  an  Emergency 
Unsatisfactory  Materiel  Report.  Any  of  the  above 
events  having  occurred  within  the  past  twelve 
months  and  recorded  in  the  D056  system,  drives  the 
computer  to  display  failure  ratp,  trending  and 
predictive  maintenance  experience  data  in  this  report 
as  well  as  the  quantity  of  hazard  conditions  reported. 
(Sample  Report  Fig.  9-10.) 

h.  Work  Unit  Code  Corrosion  Summary,  RCS: 
LOG-MMO(AR)7l79.  This  report  provides  three 
months  of  information  on  a weapon  or  equipment 
identifying  Work  Unit  Codes,  number  of  units,  man- 
hours and  labor  cost  for  corrective  maintenance  due 
to  corrosion.  The  25  Work  Unit  Codes  incurring  the 
highest  corrosion  repair  cost  arc  rank  ordered  and 
displayed  separately  in  the  report  for  ease  of  identifi- 
cation. (Sample  Report  Fig.  9-11.) 

i.  System,  Subsystem  Corrosion  Summary,  RCS: 
LOG-MMO(AR)7I80.  This  report  is  produced  as  a 
comparison  report  to  h above  using  the  same  three 
months  of  corrosion  repair  data  except  that  the  in- 
formation is  summarized  to  system/subsystem  level 
and  base  location.  (Sample  Report  Fig.  9-12.) 

j.  System,  Subsystem,  Work  Unit  Code  Failure 
Summary,  RCS:  I,OG-MMO( AR)7183.  This  report 
provides  twelve  months  of  information  related  to 
current  quarter  experience  for  systems,  selected  sub- 
systems and  Work  Unit  Codes  on  an  aircraft.  The 
data  displayed  is  rank  ordered  by  system,  subsystem 
w ithin  system  and  Work  Unit  Code  w ithin  subsy  stem 
based  on  the  quantity  of  failures  incurred.  Informa- 
tion displayed  includes  the  quantity  of  failures, 
MTBF,  and  a ratio  of  current  quarter  to  the  last 
twelve  months  experience.  (Sample  Report  Fig. 
9-13.) 

k Failure  Rate  Data  for  Selected  Work  Unit 
Codes,  RCS:  I.OG-MMOf A R)71R I.  This  report  pro- 
vides twelve  months  of  information  quarterly  when 
the  Action  Limit  is  breeched  and  also  by  special  in- 
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quiry  using  selective  retrieval  routines.  Information 
displayed  includes  current  quarter,  previous  quarter 
and  12-month  MTRF,  quarter  to  12  month  ratio  and 
data  groupings  by  when  discovered,  action  taken,  how 
malfunctioned  and  base  location.  (Sample  Report 
Fig.  9-14.) 

l.  Maintenance  Man-hours  per  Flying  Hour  by 

Weapon,  Command  and  System.  RCS:  LOG- 

MMO(AR)7183.  This  report  provides  12  months  of 
information  updated  quarterly.  The  data  displayed 
and  the  related  computations  are  as  indicated  in  the 
report  title.  (Sample  Report  Fig.  9-15.) 

m.  Maintainability  Reliability  Summary,  RCS: 

LOG-MMO(AR)7220.  This  special  inquiry  report 

provides  12  months  of  information  on  Work  Unit 
Codes  within  an  aircraft.  Information  displayed  in- 
cludes failure,  maintenance  action,  abort  and  man- 
hour rates  as  well  as  the  most  predominate 
malfunction  modes.  (Sample  Report  Fig.  9-16.) 

n.  Selected  Part  Number  Action  Summary,  RCS: 

LOG-MMO(AR)7188.  This  report  provides  12 

months  of  information  on  a recoverable  line  item  of 
supply  (part  number  worldwide)  regardless  of  its 
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iii -/ailed  use  environment.  It  is  produced  when  the 
cfiiputed  failure  limit  for  an  item  (Federal  Stock 
Number)  is  breeched  and  also  by  special  inquiry. 
The  information  displayed  does  not  reflect  mainte- 
nance required  while  installed  in  a weapon  or  equip- 
ment. It  is  limited  to  "ofT”  equipment  (shop  and 
depot)  repairs.  (Sample  report  Fig.  9-17.) 

o.  Maintenance  Actions  for  Selected  FIIN  Num- 
bers, RCS:  LOG-MMO( A1D7I89.  This  report  pro- 
vides six  months  of  “oil"  equipment  (shop  and  depot 
repair)  information  on  a recoverable  item.  Informa- 
tion displayed  includes  quantities  of  maintenance 
actions,  malfunction  modes,  and  base  location.  It  is 
produced  when  the  computed  failure  limit  for  an 
item  (Federal  Stock  Number)  is  breeched  and  also 
by  special  inquiry. 

p.  Parts  Replaced  During  Field  or  Depot  Repair, 
RCS:  LOG-MMO(AR)7190.  This  report  is  produced 
on  the  same  criteria  as  above  displaying  six  months 
of  parts  replaced  during  repair  of  items  identified 
in  the  RCS:  I.OG-MMO(AR)7189.  Information  also 
displays  quantity  and  reason  for  replacement.  (Sam- 
ple report  Fig.  9-18.) 
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4S  01 

AS 

fllfl  SYSIfM 

46  01 

a; 

OlTCfN  SYSIfM 

4)  01 

AT 

MlSCf  UANfOUS  UTaiTlf S 

40  01 

Tim  if  cun  in 


COBl 

Pill 

IISTIUMf  ItATtOl 

SI 

INSTRUMf NTS.  GfNfRAl 

SI  01 

S? 

AUTOPIIOT 

S2  0I 

SS 

MAlfUNCIION  ANAIYS'S  ANO 

Rf  CORDING  fOUlPMfNT 

SS  01 

COMMUIICAUOIS  fQUIPMf  IT 

SI 

HI  communications 

61  01 

63 

UHr  communications 

S3  01 

64 

INTf RPHONf  SYSltMS 

64  01 

6S 

Iff  SYSTfMS 

SS  01 

69 

MlSCf  UANfOUS  COMMUNICATIONS 
f QU'PMf  NT 

49  01 

■AVKATlOV.  fill  COIIIOl. 

WtAPOBS  BfllVflT.  IC1.  PROTO 

}\ 

RADIO  NAVIGATION 

71  01 

n 

BOMBING  NAVIGATION 

73  01 

u 

fiRf  CONIROl  SYSIfM 

74  01 

;s 

WIAPONS  OfUVfRY 

7S0I 

;s 

(1  fC TRONIC.  COUNTfRMfASURf 

7S0I 

u 

PHOTOGRAPMlC/RfCONNKSSANCf 

77  01 

MISCflUlltOUS  EOUIPMfRT 

96 

PfRSOHNfi  ANO  MlSCtllANfOUS 
f ODIPMf  NT 

96  01 

9/ 

(iPlOSIVf  OfVlCfS  ANO 

COMPQNf NTS 

97  01 

ACIIOR  TAItB  COIIS 
COOi  OISCRIPUOR 

I KICK  CirCKO  *10  IIPIIIU 

IMIS  COOC  Will  81  INTfRIO  WHIN 
RINCH  CHIC*  AND  *»l PAIR  Of  ANY  ONf 
Iff  M IS  ACCOMPlISHfO  *T  1 HI  SAMI 

nMf  i*i so  sir  cooi  f i 

• KICK  CMCIIO  SflVICflllt 

(no  ri  pair  piouirioi  imis  root 
will  Bf  I Nil  W|  0 Will  N f HI  Iff  M is 
BUCK  CHICWIO  *ND  NO  RfPAIR  WAS 
RfOUlRfO 

C IfICN  CHICK!  IIPAIR  DIFIRRII 

IMIS  cool  Will  Bf  fNURfO  WMfN 
BfNfM  CHIC*  IS  ACCOMPlISHfO  *N0 
Rf  PAIR  ACTION  IS  DfffRRfO  (Sff 

cooi  n 


112 


COM  tlUttPHOl 


R MIC!  CRICK 0 111  IfPIIRH 

IMIS  COOi  will  If  f NI(Rf 0 WMfN 
BINCM  CMfC*  ANO  RfPAIR  Of  ANY  ONI 
lift*  IS  ACCOMPlISHfO  AI  THf  SAMI 
UMf  IAISO  Sff  COOC  F) 

I IIRCN  C Ml C II 0 SIRVICC *11 ( 

INC  RfPAIR  RfOUlRfO)  IMIS  COOI 
Will  |f  CNIfRfO  WMfN  THf  ITf M IS 
BfNCM  CHICMIO  ANO  NO  RtPAIR  WAS 
RfOUlRfO 

t me*  chichi  it  win  iiitmi 

IMIS  COOf  Will  Bf  INIIRCD  WMfN 
BINCM  CMfC*  IS  ACCOMPlISHfO  ANO 
RfPAIR  ACTION  IS  OfffRIfO.  (Sff 
COOI  f) 

• IIRCN  CRICKI  TRAISf IRRfl 

TO  AIOTRIR  IASI  II  III? 

HIM  IS  BIRCH  CHtCRID  AI  A IORWARO 
OPf RATING  BASf  OISPfRSfO 
OPIRATING  B*Sf  OR  f NROUTf  BASf  ANO 
IS  FOUND  UNSfRVICf  ABlf  ANO 
IRANSIfRRfO  TO  A MAIN  OPf  RATING 
BASf  OR  HOMf  BASf  fQP  RIPAIR  THIS 

cor<  wm  not  Bi  usro  cor  iiims 
RHURNfO  TO  A OTPOT  TOR  OVfRMAUl 
IMIS  COOf  W'll  AISO  Bf  USfO  WMfN 
PMf  OR  OTHfR  lOlMPMfNT  IS  SINT  TO 
ANO  I Hf  R BASf  OR  UNIT  FOR  BfNCM 
CHfC*  CAIIRRATION  OR  RfPAIR  ANO 
IS  TO  Bf  RHURNfO  AND  fOR  ITf  MS 
fORWAROffl  10  CONTRACTORS  ON  BASf 
If VII  CONIRAfTS 

1 IflCM  C Mf CKO  HITS  HOT  RfPAIIAIlt 
INIS  STATION  If  Pill  III 
AOINOII/fD) 

TWS  m\.  «ftl  WHIT*  THl 

SHOP  IS  NOI  AlllMORI/f  0 TO  ACCOM 
PUSH  iHf  RfPAIR  THIS  COPf  SMAIl 
ONI Y Bf  USIO  WMfN  IHf  RfPAIR 
RfOUlRfO  TO  RfTURN  AN  IffM  TO 
SfRVICf ABlf  S1AIUS  IS  SPfCIfICAllT 
PROMlBUfO  BY  CURRfNT  TfCHRICAl 
DlRCCTIVfs  IMIS  COOf  SMAU  NOI  ir 
USfO  OUf  10  LAC*  Of  AUTHORITY  FOR 
fOUlPMfNT.  rOOlS  FACHlTlfS 
S*HIS  PARTS  OR  TfCMNICAl  OATA. 

2 BUCK  CMfCKO  UTS  IACI  OF 

f QUIPNfIT  HOIS.  01  F AC  It  IT  If  S 

THIS  COOf  Will  Bf  (NTfPfO  WMfN  THf 
RfPAIR  IS  1IIIH01I/I0  BUT  CANNOT  Bf 
ACCOMPUSMfO  OUC  TO  l AC*  Of  fOUIP 
MfNI  TOOIS  OR  fACUlTlfS  THIS 
COOf  SMAIl  Bf  USfO  WIIHOUI  RfGARO 
AS  TO  WHHMfR  THf  fQUIPMf  NT 
TOOIS  OR  fACUlTlfS  ARC  AUTHOR 
1/fO  OR  IJNIUTMORI/IO 

J HICN  CNfCltD  NITS  IACI  If 
TfCMNICAl  SllllS 

THIS  COOf  Will  Bf  fNURfO  WMfN 
RfPAIR  CANNOT  Bf  ACCOMPlISHfO  PUt 
TO  l AC*  Of  UCHNICAllY  QUAUUfO 
PlOPtf 

4 IfICN  CMfCKO  NHS  IACI  Of  PHIS 

THIS  COOI  wm  Bf  f NlfPfO  WMfN 
PARTS  ARf  NOT  AVAIlABlf  TO  ACCOM- 
PUSH  RfPAIR 

5 If  NCR  CMfCKO  BITS  SHOP  IICIIOI 

THIS  COOf  Will  Bf  f N If  If  0 WMfN 
RfPAIR  CANNOT  Bf  ACCOMPlISHfO  OUf 
TO  flffSSlVf  SHOP  RACHOG 

I IfICN  CNfCIfl  UTS  IACI  Of 
TfCNIICAl  III* 

IM'S  COOI  will  Bf  fNTfim  WMfN 
If  PAIN  f ANNO!  Bf  ACCOMPlISHfO  OUf 
TO  l AC  * 0»  MAINTfNANCl  MANUKS 
DRAWINGS  nr  WHICH  Of SC.RiBf  Of 
TAUfO  RfPAIR  PROff OURfS  ANO 
If  OlHPf  MINIS 

1 IfICN  CNfCKI  MTS  fICfSS  TO  BASf 
PtOVlPfifltS 

IMIS  COOI  will  Rf  fNTflfO  WHIN 

R|*AIP  will  not  Bf  SCNIDUIIO  10* 


i.o.ir-iiiE-os 


IBIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
JROii  COPY  FURaUSHED  TO  LUC 


ACTION  Util  cuts  (coin 
coot  oiuaipiioa  (com 

1 BIICN  CNiClil  MIS  IICISS  ID 
REQUIREMENTS  (COlfl 

SHOP  II  PAIR  out  10  HIM  BEING 
EXCESS  10  tASt  RtOUIRt MINIS 

I IIICN  CRfCICI  1(1(11(1  II  |(p|! 

RfUjlNIO  10  OtPOl  BY  OlRfCTtOM  Of 
SYSIIM  MANAGER  ISM)  01  HIM 
MANAGIR  (IMI  US(  ONLY  WHEN  111  MS 

iKAi  ari  authorize  o io*  BAsi  urn 

RiPAlR  ARC  OIRICKO  10  8(  R(IURN(D 
10  OtPOl  1ACIU1KS  BY  SPCC»f«C 
WRITTEN  OR  VtRBAl  COMMUNICAIION 
(ROM  lH(  |M  OR  SM  OR  WHfN  Iff  MS 
AH  10  81  RtlURNtO  10  OtPOl 
fACHIIUS  (OR  M00IMCA1I0N  IN 
ACCORDANCt  WIIH  A lIMt  COMPllANCl 
UCHNlCAl  OROtR  (TCIO)  OR  AS  UR 
iambus 

I IIICN  CN1CIII  C0I01MMI 

IMIS  COUt  WM  81  (NltRtO  WHIN  IH( 
HIM  CANNOT  Bt  RtPAIRtO  AND  IS  10 
Bf  PROCfSSfO  10*  COMMtUWO H 
RCClAMATfOM  OR  SALVAGE  INIS  C001 
WHl  Also  Bt  UStO  WHIN  A ‘CON 
OtMNtO  C0N0III0N  IS  DlSCOVtRtO 
DURING  (1(10  MAlNUNANCt  DISAS 
S(M0(Y  OR  Rf PAIR 

( IIIIIAI  IRSIAUATIRI 

INIS  COOt  Wit  It  US(0  (OR  INSlAl 
LAI  ION  ACTIONS  THAT  ARf  NOI  fl( 
l AltO  10  A PRIVIOUS  RtMOVAl  ACTION 
SUCH  AS  INSINUATION  01  AOOlllONAl 
(QUlPMtNI  OR  (NS1AUA1I0N  Of  AN 
HIM  10  RtMEDV  A SHIP  SHORT  CON 
DIIION  IHIS  COD!  Hill  Bi  USf D 
ONlY  (OR  EQUIPMENT  MANAGtO  UNOtR 
1H(  ADVANCE  CONf  IGURA1I0N  MANAGE 
ME N I SYSTEM  REfERlNCE  TO  S 
00  20  2 i 00  ?0  2 y ANO 
00  ?0  ? / MUST  81  USED  WJH  HOW 

mai  coot  m. 

1 REPAIR 

THIS  COOE  WHl  NOI  BE  USEO  10  COOE 
ON  EQUIPMENT'  NORA  If  ANOTHER 
CODE  Will  APPIT  WH[N  ll  IS  UStO 
IN  A SHOP  ENVIRONMENT  (HIS  COOt 
Will  DENOTE  REPAIR  AS  A SEPARATE 
IIM1  01  WORM  AfJ/B  A 81HCH  [Hi  CM 
SHOP  REPAIR  INCtUOES  IMI  lOIAl  RE 
PAIR  MAN  HOURS  ANO  INClUOfS  CHAN 
INC  OlSASStMBlY  INSPECTION 
AOIUSTMENI  REASSEMBIY  AND 
lUBRlCAHOH  Of  M IHOR  COWPOHIHIS 
INCIDENT  TO  THE  REPAIR  WHEN  THESE 
SERVICES  ARE  PERIORMEO  BT  THE  SAME 
WORN  CENTER  TOR  PRECISION 
MEASUREMENTS  EQUIPMENT  THIS  COOE 
Will  BE  USEO  ONlT  WHEN  CALIBRATION 
Of  IH(  REPAIRED  ITEM  IS  REQUIRED 
(SEE  COOE  G) 

I REPAIR  All/01  IfPUCIMfl!  If  RRIIOR 
PARTS.  HARIWAIE  All  SiriClMS 

ISE Al S GASKETS.  (KCIRiCAl 
CONNECTORS  TITIINGS  IUBING 
HOSE  WIRING  TASTENERS  VIBRATION 
ISOLATORS  BRACK  IS.  (TCI 
WORK  UNIT  COOES  00  NOT  COVER  MOST 
NON  REPAIR  ABIE  ITEMS  THEREFORE 
WHEN  IITMS  SUCH  AS  1H0SE 
lOENlif ifO  ABOVE  ARE  REPAIRfO  OR 
RIPE  ACID  THIS  ACTION  TAKEN  CODE 
RUE  BE  USEO  WHEN  THIS  ACTION 
TAMN  COOE  IS  USEO  THE  WORK  UNH 
COOE  Will  lOENTlIT  THE  ASS« MBIT 
BfiNC  SERVICE 0 OR  MOST  OUECUY 
REIATfO  TO  PARTS  BUNG  REPAIRED  OR 
RE  PE  ACE  0 (OR  ( MMPIE.  If  AN 
(IICIRICAI  CONNECTOR  WAS  REPAIRS 0 
ANO  WAS  ATTACHED  TO  A RADIO 
TRANSMITTER  THE  WORK  UNIT  CODE 
fOR  THE  TRANSMITTER  WOUlO  BE  USEO 
WITH  IHIS  ACI'ON  TAKEN  COOE  (OR 
PRECISION  MEASUREMENT  EQUIPMENT 
IHIS  COOE  Will  BE  UStO  TOR  REPAIRS 
THAT  00  NOI  Rf  QUIRE  CAU6RAH0N  Of 
THE  REPAIRED  ITEM  (SI;  COOt  T| 


ACTERI  TAiil  CRIES  ICO“ll 
CUE  IESCRIPTIOI  ICOIT) 


I EBUIPMER!  CHICHI  10  IIPAII 

If QUIIIR  (TOR  tllllPMEir  WORI 

•Nil) 

THIS  CODE  will  BE  USED  I OR  All 
DISCREPANCIES  WHICH  ARE  CHI  CUE  D 
AND  IOUNO  10  REQUIRE  NO  IUR1HEM 
MAIN  It  NANCE  ACTION  THIS  COOE  WHl 
BE  USEO  ONlY  IE  ll  IS  OthNIItlY 
OETERMINEO  THAT  A Af PORTED  Oth 
CIENCY  OOES  NOT  HIST  OR  CANNOT  BE 
OUPtlCATEO  MUST  BE  USEO  WITH  HOW 
MAI  COOE  TM.  II?.  OR  $41 

I CALIBRATE!  II  Ali«STM(ir  REQUIRED 

USE  THIS  COOE  WHTH  AH  KIM  IS 
CAE IBRATE 0 ANO  IOUNO  SERVICEABIE 
WI1H0UT  NEED  (OR  AOIUSTMENI.  OR  IS 
IOUNO  10  BE  M TOlERANCl  BUT  IS 
AOTUSTEO  MEREIY  TO  PEAK  OR 
MAXIMIZE  THE  READING  IT  THE  HEM 
REQUIRES  AOIUSTMEHI  10  ACTUAllf 
MEET  CALIBRATION  STANOAROS  OR  TO 
BRING  IN  TOlERANCE  USE  COOE  A 

I CAllllATEI  AINSIMINT  RERBIRER 

USE  THIS  COOE  WHTH  AN  ll(M  MUST  BE 
A0IUS1E0  TO  BRING  II  IN  TOlERANCE 
OR  MEM  CAUBRADOH  STANDARDS  II 
THI  ITEM  WAS  REPAiRlO  OR  NEEDS  RE 
PAIR  IN  ADDITION  10  CAIIBRAIION 
AND  AOIUSTMENI  USE  COOE  I 

l ADJUST 

INCLUDES  ADJUSTMENTS  NECESSARY  EOR 
SAIEIY  AND  PROPER  (UNCIlONING  01 
EQUIPMENT  SUCH  AS  ADIUSf  BLEED 
BALANCE  RIG  (IT  REROUTE  SEAT/ 

res/ae.  posihohm  position  or 

ACIUAIING  RESET  BUTTON  SWITCH  OR 
CIRCUIT  BREAKER  EOR  USE  WHEN  A 
DISCREPANCY  OR  CONDITION  IS 
CORRECTED  BY  THESE  TYPES  Of 
ACfKJNS  If  THE  101*11(1(0  COW 
PONENT  OR  ASSEMBLY  ALSO  REQUIRES 
REPLACEMENT  Of  BUS  ANO  PIECES  AS 
Will  AS  AOIUSTMENI  ENTER  THE 
APPROPRIATE  REPAIR  ACTION  (MEN 
COOE  INSTEAD  Of  l 

■ DISASSEMBLE 

THIS  CODE  Will  BE  (NIEREO  fOR  DiS 
ASSfMNtY  ACTION  WH[N  THE  COMPUTE 
MAINIINANCE  IOB  IS  BROKEN  INTO 
PARTS  ANO  REPORT! 0 AS  SUCH  00  NOT 
USE  (OR  ON  EQUIPMENT  WORK. 

« AS  SI  MU  l 

this  cooe  win  be  Entered  tor 

ASSEMBLY  ACTION  WH(N  THE  COMPUTE 
MAINTENANCE  IOB  IS  BROKEN  INTO 
PARTS  ANO  REPORTED  AS  SUCH  00  NOT 
USE  fOR  OM  CQUtewiH!  WORM 

9 REMOVED 

IHIS  COOE  WNl  BE  (NIEREO  WHEN  AN 
ITEM  IS  RE  MOVE  0 AND  ONLY  THE 
REMOVAL  is  10  B(  ACCOWHO  IQ*  I* 
THIS  INSTANCE  0(IAV(0  OR 
AOOlllONAl  ACTIONS  WHl  Bi 
ACCOUNTED  (OR  SEPARAIEIY  (Al SO 
su  coo;s  0 RSI  ANO  U ) 00 
NOI  USE  (OR  Off  EQUIPMENT  WORK 

• IISUIUI 

THIS  COOE  WNl  BE  (NIEREO  WH(N  AN 
ITEM  IS  INSTAUEO  ANO  ONlY  THE 
INSTALLATION  ACTION  IS  TO  Bt 
ACCOUNTED  (OR  (ALSO  Stl  COOES  l 
P R S I ANO  U 1 DO  NOI  USE  (OR 
Oil  (QUIPMINT  WORK 

I REMOVE  All  REPLACE 

IMIS  COOE  WHl  BE  ENTERED  WHEN  AN 
ITEM  IS  REMOVE 0 AND  ANOTHER  LIRE 
HEM  IS  MSTAIUO  (ALSO  SEE  COOES 
T ANO  U)  00  NOT  USE  fOR  Off 
EQUIPMENT  WORK 

S REMRVE  III  lEIISTAU 

THIS  COOE  WHl  BE  (NIEREO  WHEN  AN 
ITEM  IS  Rf  MOVE  0 AND  THE  SAME  HIM 
REINSTAIUO  (ALSO  ME  CODES  1 AHO 


ACTIOI  IIKI  CORES  (COin 

cue  ttsciipnoi  (cun 

I If  MOVE  All  If  IRJIAII  (CORD 

U)  00  HOI  USE  IOK  OH  IQUIPMINI 
WORK  MUSI  Bl  USIO  WIIH  NOW  MAI 
COOl  100  104  OR  SOS 

I REMOVER  fll  ClIllkAlIf AlIRR 

THIS  COOE  WUI  B(  INURED  WHIN  A 
COMl'ONENI  >S  CANNIMAll/EO  lH( 
work  unit  cooi  win  (OfNiirr  the 
COMPONENT  Bi'NG  CANN<8A(i/fO  00 
NOT  USE  THIS  COOE  fOP  Olf 
EQUIPMENT  WORK  MUST  BE  USEO  WITH 
HOW  MAI  COOt  m 

I REPLACE!  AI1ER  CAIIIIAIIIATIOI 

IMIS  cool  WHl  BE  ENTERED  WHIN  A 

COMl'ONENI  IS  RtPlACfO  AlliR 
CANNiBAtl/AIION  00  NOT  USE  IHIS 
COOT  I OR  OH  (OUIPMINT  WORK  MUSI 
Bt  USEO  WIIH  HOW  MAI  CODE 

V CLEAR 

THIS  COOE  WHl  Bl  (NIEREO  WHEN 
CEE  AWING  IS  ACCOMPHSMTD  JO 
CORRECT  DISCREPANCY  ANO/OR  WHEN 
CLEANING  IS  NOI  ACCOUNUO  (OR  AS 
PARI  of  A REPAIR  ACIION  SUCH  AS 
COOT  f (NC I UDIS  WASHING  AClO 
8*fH  BUff  INC  SANO  BIAS  TING 
Of  CREASING  01  CON  I AMINAT  ION  ETC 
CUANING  ANO  WASHING  01  COMPUTE 
ITEMS  SUCH  AS  GROUND  IQllif'MINl 
VllNCtCS.  MISSILES  OR  AIRPUNE5 
SHOULD  BE  RE  COROT  0 BY  UIRI/ING 
SUPPORI  ClNlRAl  COOES 

I TISI  IISPECUIV  SERVICE 

THIS  COOI  Will  BE  ENURED  WHEN  AN 
HEM  IS  USUO  OR  iNSPfCIED  OR 
SERVICED  (OIHlR  I HAN  BENCH  CHECK) 
ANO  NO  REPAIR  IS  REQUIRED  THIS 
CODE  DOES  NOT  INCIUOI  SERVICING  OR 
IMSncWM  CMBGliBil  TO  SUPPORT 
GENERAL  WORK  UNIT  COOES 


T TIOUIKSIOII 

ENTER  THIS  COOE  WHEN  TIME  eipendeo 
IN  LOCATING  A DISCREPANCY  is  GREAT 
ENOUGH  10  WARRANI  SEPARAUNG  THE 
IRQUBUSHOm  TIME  I ROM  THE  REPAIR 
IIMf  USE  Of  IHIS  COOE 

wicissiwis  cowpnnoH  of  rwo 

SEPARAU  UNI  ENTRIES  OR  TWO 
SEPARATE  (CRMS  ONE  TOR  THE 
TROUBLESHOOT  phase  ANO  ONE  (OR  THE 
RE  PAIR  PHASE  WHIN  RECOROINC  THE 
TROUBUSHOOf  TIME  SEPARAU  fROM 
THE  REPAIR  TIME  IHt  TOT  Al  TIME 
TAKEN  10  ISOLATE  IKE  PRIMARY  CAUSE 
01  THE  DISCREPANCY  SHOUIO  Bt 
RECORDED  UTILIZING  THE  WORK  UNIT 
:00l  Of  IHE  01  f ICTYVl  SUB  SYSTEM 
OR  SYSIIM  00  NOI  USE  (OR  Off 
E QUIPMINT  WORK 

2 CIRBISIOB  REPAIR 

INCLUDES  CUANING  TREATING 
PRIMING  AND  PAIN  I INC  Of  CORRODED 
HEMS  IHIS  COOE  SHOUIO  ALWAYS  IE 
USEO  WHEN  ACTUAL iv  TR( AUNG 
CORROOID  IH  WS  HM*  OH 
(OUIPMENI  OR  IN  THI  SHOP  THE  WORK 
UNI!  COOT  SHOUIO  IDENTIFY  IHE  HEM 
THAI  IS  CORROOtO  USE  SUPPORT 
GENERAL  COOE  (OR  PAIN  I me  OR 
CORROSION  PREVENTIVE  1R1AIWUH 
(RlOR  10  AN  ITEM  BECOMING 
CORROOEO 
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TYPE  MAIIUIAICE  coots 
COOt  DESCRIPTION 


UPf  MAIITEIANCE  COOtS  FOR  HR 
CRAFT.  ORORFS.  IRSTAtUO  ERCIRES 
ARO  HUTTO  HOULE  TRAIRIRC  StTS 
(MTS)  ARO  RISlOtRT  TRAIRIRC  EQUIP 
•*  MEAT  (RTf)  (Rfilit  SHOP  COATS  ARi 
IHCLUOtO  EOUOWIRS  THIS  UST  OF 
COOTS 


A SERVICE 


INCLUDES  All  UNITS  OF  WORK  ASSOCI 
ATtO  WITH  SERVICING.  ClfANlNG  ANO 
MOVfJAENT  OF  EQUIPMENT. 


I URSCHTOUIED  MAIRTTNAICT 


INClllOES  All  UNITS  Of  WORK 
ACCOMPLISHED  BETWEEN  SC.HT DULf 0 
INSPECTIONS  EXCEPT  AS  PROVIDED  IN 
PRECEDING  CODE  A.  AND  EXCLUDING 
ACCOMPLISHMENTS  Of  fCTO  $ 


C MSJC  POSTFlifiHf  OR 
THRUFIICHT  INSPECTION 


INClUOtS  Ml  UNITS  Of  WORK 
ACCOMPLISHED  DURING  All  PHASES  Of 
IHE  BASIC  POSTfllGHT  OR  THRU 
FLIGHT  INSPECTION. 


D PREFU6HT  INSPECTION 


INClllOES  All  UNITS  Of  WORK 
ACCOMPlISHfO  DURING  All  PHAMS  Of 
A PRffUGHT  INSPECTION  TOR  MOBHE 
TRAINING  St  TS  ANO  RESIDf  NT  TRAIN 
INC  EQUIPMENT  THIS  INCIUD'S  Al! 
UNITS  Of  WORK  ACCOMPlISHfO  DURING 
SCHEOUlfO  INSPECTIONS  SUCH  AS 
DAILY  SAfETY.  ANO  SERVICING  IN 
SPCCflON.  EXCIUDING  PERIODIC 
INSPECTIONS 


) CALIBRATION  OF  OPERATIONAL  EQUIP 
WENT  (NON  PNE)  AY  OWN  INC  OR 
ASSISTINC  WORI  CENTER 


EXCLUDES  CALIBRATION  ACTIONS  BY 
PMf  CAUBfWtNG  WORK  CENTERS  ESEE 
1 0 00  ?b  06  41  FOR  IYPE 
MAINTENANCE  COOES  FOR  PM() 


P PERIOAIC.  PHASI  '■  01 
MAJOR  flSPICTIAI 


INC  I UDES  All  UNITS  Of  WORK 
ACCOMPLISHED  DURING  LOOK  AND  FIX 
PHASES  Of  PERIODIC.  PHASED  OR 
MAJOR  INSPECTIONS.  EXCIUOING 
ACCOMPLISHMENT  Of  TCTOS 


Q FORWARD  SUPPORT  SPARES  - 


INClUDf S All  UNITS  Of  WORK  PER 
fORMEO  BY  All  ACTIVITIES  IN 
RECORDING  IN  SHOP  MAINTENANCE 
ACTIONS  ON  MAC  TORWARO  SUPPORT 
SPARES  EXCIUOING  ACCOMPLISHMENT 
Of  TCTO  S 


R DEPOT  NAIITEIAICE  - 


INCLUDES  All  UNITS  Of  WORK 
ACCOMPLISHED  WHEN  DEPOT  MAINIE 
NANCE  OR  REHABILITATION  IS 
PfRfORMEO.  REGAROIESS  Of  LOCATION. 
EXCLUOES  ACCOMPLISHMENT  0»  TCTO  S 


S SPECIAL  INSPECTION 


INClUOtS  All  UNITS  OT  WORK 
ACCOMPLISHED  DURING  All  PHASES  Of 
SPECIAL  INSPECTIONS  EXCIUOING 
ACCOMPLISHMENT  Of  TCTO  S.  INCLUDES 
All  FUNCTIONAL  CHECK  FLIGHTS 


T Til- 1 COMPLIANCE  TECHNICAL 

ORDER  (TCTO) 


INCLUDES  ACCOMPLISHMENT  Of  All 

tcto  s 


T AIRCRAFT  TRANSIENT  MAINTENANCE 


INClUOtS  All  UNITS  Of  WORK 
ACCOMPLISHED  ON/OR  fOR  TRANSIENT 
AIRCRAFT.  EXCIUOING  ACCOMPLISHMENT 
Of  TCTO  S. 


NOTE 


SEE  TO  00  ?S  06  7 I FOR  OFF 
EQUIPMENT  SHOP  TTPE  MAINTENANCE 
CODES 


WHEN  DISCOVERED  COOES 
CODE  DESCRIPTION 


A RT FORE  TIIGHT  ABORT  AIR  CRfW 

B BffORf  fUGHt  NO  ABORT  AIR  CREW. 

C IN  FLIGHT  ABORT. 

D IN  TIIGHT  NO  ABORT 

[ AFTER  TIIGHT  AIR  CREW 

f BETWEEN  FLIGHTS  GROUNO  CREW 

G GROUNO  AltRT  . NOT  DEGRADED 

H BASIC  POSTWCMT  INSPECTION 

I PRE FUGHT  INSPECTION 

l DURING  TRAINING  OR  MAINTENANCE  ON 
IQUIPMNi  UJUinO  IN  A TRAINING 
ENVIRONMENT  (USE  ONLY  FOR  CUSS  I*. 
TRAINING  EQUIPMENT)  THIS  COPE 
SHOIUO  BE  USFO  WHEN  RECORDING 
MAINTENANCE  OR  DISCREPANCIES  ON 
CUSS  II  TRAINERS 

M PHASED  INSPECTION 

N GROUND  ALERT  DEGRADEO 

P EUNCTIONAl  CHECK  FLIGHT 

Q SPECIAL  INSPECTION. 

R OUAUTY  CONIROI  CHECK 

S DEPOT  LEVEI  MAINTENANCE 

T DURING  SCHEOUIEO  CALIBRATION 

U NON  OfSTRlIfflYf  INS^CTION  IN 

CIUOIS  OPTICAL  PEN! IRANI.  MAG 
NE IlC  PARTICLE.  RADIOGRAPHIC.  EDDY 
CURRENT.  ULTRASONIC.  SPCCTROMETRIC 
Oil  ANALYSIS.  ETC. 

V OURING  UNSCHEDULED  CALIBRATION. 


W IN  SHOP  REPAIR  AND/OR  DISASSEMBLY 
F OR  MAINTENANCE. 

I ENGINE  TEST  $TANO  OPERATION. 

Y UPON  RECEIPT  OR  WITHDRAWAL  FROM 

SUPFIY  STOCKS 

7 OURING  OPERATION  Of  MALFUNCTION 

ANALYSIS  ANO  RECORDING  EQUIPMENf 
OR  SUBSEQUENT  OATA  ANALYSIS 

4 CORROSION  CONTROL  INSPECTION. 


114 


Table  B-l.  How  Malfunctioned  Codes  — Numerical  Listing 


■xj  ro  — o u. 

2 I 'J  £D  ^ - 

O O — 4 ft 

-at*-  • o 
►-  3 v"  at 

t • a.  oj  • 


_j  t i i o ; 

O a i •/*  4 T ; 

2 ft  X 

— 4 «1 


ft.  — ► V 

4ft  v*  « 

^ srt  w«  ► « 

* * 4 w* 


a > f*>  r o < 
~ .»  O — i 
4 oj  ® C at  ■ 
O O I » *-  c 


o o t ^ ty 

O at  * 4 4 * 


at  — O O x x x x x x x 

0 2 0 *y  r*\  ■*<  t~- 

130  ^ *-  * *“  *-  ^ 


flffijff  o <y  O 4 x a-  O 4t3oQu-u.ol  -J  ft  OO  25^244444 

a.  u.  u.  ft  OO  till  * 

X X XX  XX  X X X X X XXXXXX  XX  XXXXXX  > > 

A * £ ,5,  r%  £ ^ 


> 4 a — ft  O •■ 

• i - » O v*  i 

• ft  > <^  ft  O « 


i u ft  _/  o u 

JO  - o — o 

l z r ' « o z 


c.  - i * 

d •-  *-  : 

^ 4 o r . 

> ft  4 0 

or  ui  — o 

JJ  CD  J S v» 

ft  fti  * > 

O — 

ft  t • • ft  0 

3 a ft  uj  0 

• ft  <jj  xx  i : 

ft  ft  v 


i i ““ 


o o o 

* *-  UJ  o o 00 

« — O 0*4 

0 2 0 *ft  *«  k\ 

ft  O O ►-  f-  ►- 


4 OOUU.  O Z 3* 

O O O V_|  l_»  U O OO 


DDiDfinicfflie'ti®  o ooooo  o 

<444444444  4 *****  * 

'nrw"i"(*iDfD«r'  "i  <4 

»-  k-  *•-  *-  *•  *- 


fr,  (Kin  t* > *ft 


o 4 tc  a o 4 ® o o «*.  ft  o 

OOOO  fti  iu  ^ miuu  a;  in 

4***  4 444**4* 

i"  »\n  ("  4\  i<m"  m rtw  m ^ 


JO  0>  O 

JO  - o *J  z z : 

' T Z Z 2 4 4 « 


APPENDIX  C 

Average  Number  of  Maintenance  Actions 
per  Sortie  versus  Sortie  Length 
for  Selected  Systems 
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Figure  C-2.  System  12  - Fuselage  Compartments 
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Figure  C-8.  System  44  - Lighting  Systems 
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